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WATER POLLUTION CONTROL 
FEDERATION 


Special Features 


Operation and Maintenance Costs—Rowan et al. 
Sewer Hydraulics—Bloodgood and Bell 
Soft Drink Bottling Wastes—Porges and Struzeski 
Small Plant Design—Van Kleeck 
States and Pollution Control—Everts 
Sewer Service Charges—Hill 
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POSITIVE CONTROL OF MATERIALS IN moron 


LOW MAINTENANCE 
PRECISION FEEDING 
REDUCES 
MATERIALS LOSS, 
INCREASES 
EFFICIENCY 


ROTODIP accurately feeds 
low viscosity liquids and 
suspensions by volume. 


Eliminate unnecessary waste . . . feed exact dosages 

. . continuously . . . with automatic pacing, if 
desired. Simplicity of ROTODIP design assures 
low maintenance and longer life . . . corrosion- 
resistant materials used as required. 


Accuracy... within + 1% of calibrated rate 
Capacity... maximum rates up to 1800 gph 
Feed range... upto 100 to | 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS © FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request complete data. Write for Bulletin 65-H12B. 


B-I-F industries, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island 
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FLUSH KLEEN System with 


TWO MAJOR DESIGN IMPROVEMENTS 


NEW FLO-THRU STRAINER 
permits greater solids loading 


NEW BY-PASS FITTINGS 


--- allow greater inflow capacity 


PROVIDES THESE ADVANTAGES 


Lower original costs . . . smaller pumps and 


motors required ¢ Pumps handle clear liquid 


New 
FLO-THRU 
Strainer 


only e Absolute reliability—pumps cannot 
clog @ Reduced maintenance e 100% 


Standby capacity 


e Longer pump life 


NEW .. Successfully handles high wet- 
strength paper products 


NEW .. Successfully handles ground gar- 
bage 


P NEW .. Increases maximum solids load- 
ing capacity 


NEW .. Uses smaller pumps and motors 


SOLIDS NEVER REACH THE IMPELLER 


OVER 14,000 FLUSH KLEEN® INSTALLATIONS FOR: 


Municipalities Industrial and Commercial Buildings Schools Institutions 
Hotels Hospitals Motels © Auditoriums Subdivisions © Ships 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
Write for 


Wie HYDRODYNAMICS DIVISION 
Bulletin No. 122-D 
CHICAGO PUMP 


AND aL 
© 1960 Chicago Pump CO#PFOeaTION 


622E DIVERSEY PARKWAY e¢ CHICAGO 14, ILLINOIS 
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waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 


| Pe eee ee 4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y * SAN MATEO. CALIF. © CHARLOTTE, t41.C. © JACKSONVILLE + DENVER 


ARMY 
West Point, New York. Two 20’ Floating 
‘ 
Supernatant Selector Gauges. 
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EXECUTIVE SECRETARY-EDITOR 


JOURNAL of the WATER POLLUTION 
CONTROL FEDERATION® 


A monthly journal devoted to the advancement of fundamental and practical knowledge concerning the nature, collec- 
tion, treatment _- disposal of sewage and industrial wastes, and the design, construction, operation and management 
of such works. The Journal was known as Sewage Works Journal until January 1950; thereupon it became Sewage 
and Industrial Wastes until January 10 60, when it assumed its present name 

EDITORIAL AND EXECUTIVE OFFICES: 4435 Wisconsin Ave., N.W., Washington 16, D. C. Send all 
manuscripts, advertising copy, subscriptions, addre changes, etc., to this address. Journat WPCF is published 
monthly by the Water Pollution Control Federation at Prince & Lemon Sts., Lancaster, Pa 

SUBSCRIPTION RATES: Members of local associatior th > Feder I per calendar year 
Non-members, U. S. and Cana ler countr 5 reign su tions must be accompanied by 
International Money Order t 


CLAIMS: No claims will be allowed for copies of J “ als lost in the mails unless such claims are received within 
sixty (60) days of the date of issue ar 10 claims will be allowed for issues lost as a result of insufficient notice of 
change of address. ‘Missing from files’ cannot be accepted as the reason for hesoker a claim 

REFERENCE SERVICE: Journal the Water PottuTIoN CoNTROoL FEepeRATION is indexed regularly by 
Industrial Arts Index and Engineering Index. Microfilm copies of this JouRNAL may be procured from University 
Microfilms, Ann Arbor, Mich. This service is limited to regular subscribers only. 

Library of Congress oan Card Number: 42-19992 


Copyright © 1961, by the Wa Pollution Control Federation. Reprints from this publication may be made only 
if permission of the Editor is sec Bite and on condition that the full title of the article, name of the author and 
complete reference are given. The Federation assumes no responsibility for opinions or statements of facts expressed 
in papers or discussions published in this JouRNAL 
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WITHOUT USE OF CHEMICALS 


To thicken and dewater sewage and industrial sludge without use 
of chemicals specify the “Roto-Plug” Sludge Concentrator. 

It saves the cost of chemicals, chemical handling, storage space. 
No need for those expensive, hazardous, and hard-to-handle 
chemicals. 

The electrical drives on a “Roto-Plug” that produce 1000 Ibs per 
hour of sewage solids total only 1% h.p. 

For full details of the “Roto-Plug” write for Technical Bulletin 
RP 100. 


NICHOLS cor 


80: Pine Street, New York 5, New York 
N. Hovey Street, Indianapolis 18, Ind. © 405 Montgomery Street, San Francisco, Calif: 
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Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorp, Sec.-Treas., College of Engi- 
neering, University of Arkansas, Fayetteville, Ark 
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AUTOMATIC 
PROPORTIONI! 


AuTOMATIC 
PROPORTIOING 


ELECTRICALLY CONTROLLED CHLORINATION SYSTEMS 


The commands are electric. The operation is 
automatic. Engineered by Fischer & Porter .. . 
chlorination goes modern. 

Regulate chlorine feed rate precisely, automati- 
cally with electrical signals from program control- 
lers, multiple and step rate controllers, automatic 
proportioning controllers, remote controllers, mag- 


netic flowmeters, and residual analyzers. Don’t 
invest in any chlorination system until you check 
out Fischer & Porter Electrically Controlled Chlo- 
rination Systems. Fischer & Porter Company, 1121 
Fischer Road, Warminster, Pennsylvania. In Can- 
ada, write Fischer & Porter (Canada) Ltd., 2700 
Jane Street, Toronto. 


a — FISCHER & PORTER COMPANY = CHLORINATION AND INSTRUMENTATION 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 


Puerto Rico Feb. 2 Condado Beach Hotel, Santuree 


ISP, South African Mar. Muizenberg Pavilion, Capetown, South Africa 
Branch (England) 


Mississippi Mar. Robert E. Lee Hotel, Jackson 

Texas Mar. 12 Texas A & M, Student Center, College Station 
New Jersey Mar. 15-17 Traymore Hotel, Atlantic City 

Arkansas Mar. 19-22 Marion Hotel, Little Rock 

West Virginia Apr. 6- West Virginian Iotel, Bluefield 

Montana Apr. 6 Placer Hotel, Helena 

KXansas Apr. 12 Baker Hotel, Hutehinson 

Arizona Apr. 20-22 San Marcus Hotel, Chandler 

California Apr. 26-2§ Hotel Miramar, Santa Monica 

Virginia May § Hotel Chamberlain, Old Point Comfort 
Maryland-Delaware May 22-2 Commander Hotel, Ocean City, Md. 
Michigan May ; 2 Michigan State University, East Lansing 
Alabama June University of Alabama, Tuscaloosa 
Central States June 7 Leland Hotel, Springfield, Il. 

Iowa June 7-§ The New Inn, Okoboji 

Ohio June —16 Statler Hotel, Cleveland 

ISP (England) June 19-2% Brighton, England 


Pennsylvania Aug. 9-11 Pennsylvania State University, State College 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 
Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 
October 8-12, 1961 
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FOR EFFICIENT PERFORMANCE... 


CHOOSE INFILCO 


SEDIFLOTOR® clarifiers provide both sed- 
imentation and flotation in one compact 
unit. Where space is limited and high- 
rate production a must, this unit is ideal 
for removing both floatable materials and 
settieable solids. 


Bulletin 6051. 


The VORTAIR® aerator is an improved 
turbine type surface aerator offered for 
the atmospheric oxygenation of liquids 
in lagoons, ponds and basins. It may be 
mounted on columns, or on a float when 
the liquid level varies. This aerator has 
an oxygen transfer efficiency in excess 
of 4H/HP/Hr. 


Bulletin 6620 


SEWAGE TREATING EQUIPMENT 


AERO-ACCELATOR® activated siudge 
plants combine biological oxidation and 
clarification in a single compact unit. 
They provide efficient operation at high 
loadings, stability under shock condi- 
tions and low installed cost. Can be de- 
signed for complete treatment. 

Bulletin 6510. 


ACCELO-BIOX® activated sludge plants 
operate on the ‘‘total oxidation’’ prin- 
ciple. One type of ‘“ACCELO-BIOX” pliant 
uses atmospheric oxygen to sustain or- 
ganisms which purify the sewage. This 
plant is recommended for small commu- 
nities, sub-divisions, motels and similar 


projects. 
Bulletin 6520 


INFILCO INC. 
General Offices 
Tucson, Arizona 


Field offices throughout the United States and in other countries 


These are only a few of the products for 
sewage and waste treatment in the complete 
INFILCO line. Write for our condensed 


catalog and other bulletins. 


BIOSORPTION® activated sludge system 
saves space and reduces cost by treating 
sewage in about 5 hours with consistent 
removal of 90-95% BOD and suspended 
solids. Can be adapted to existing plants, 
thereby increasing capacity at low cost. 

Bulletin 6550. 


GRIDUCTOR® comminutors for sewage 
screening and cutting. Offer advantages 
of straight channel installation, plus 
double-end adjustable cutter teeth which 
may be resharpened and realigned for 


longer effective life. 
Bulletin 5100. 
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Many sewage treatment plants can 
now get all the advantages of clarifi- 
cation and separate thickening facilities 
without the expense of adding a sludge 


thickening unit to the treatment system. 


New Eimco- Process Clari-Thickener 
treatment unit combines primary or 
secondary clarification and sludge thick- 
ening in a single multi-purpose unit. 
Sludge densities of 8 to 12 per cent solids 
are obtained. Clarification efficiency is 
excellent. Complete control of septicity 
is achieved. 


The Eimco- Process Clari-Thickener 
unit incorporates a separate thickening 
compartment within the clarification sec- 
tion for holding settled sludge 12 to 24 


Eimco-Process 


hours for thickening to maximum density. 


Septic conditions are prevented by the 
introduction of an oxidative liquid which 
forms a blanket zone over the thickening 
compartment during holding periods. 
This liquid displaces the liquid in the 
sludge, keeping solids fresh. The amount 
of oxidative liquid introduced can be 
adjusted to suit operating conditions. 


Find out how the Eimco-Process Clari- 
Thickener unit can help you get greatly 
improved treatment, economically. The 
Eimco- Process representative in your 
area will be glad to meet with you and 
your engineers. Call him. And write 
Eimco’s Process Engineers Division for 
new Bulletin SM-1018. 
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multi-purpose sewage treatment unit 


CHECK THESE CONSTRUCTION FACTS: 


Heavy duty cast iron drive housing. 
Hardened steel worms and bronze worm 
gears; forged alloy steel pinions and heat 
treated alloy steel main gears. 

All gears and bearings immersed in oil, 
Clari-Thickener units are complete, include 
feedwell, walkway, weirs, baffles, aluminum 
skimmers. 


AND THESE 


DESIGN FACTS: 


Sludge is stirred, gently, to release a maxi- 
mum of water. 

Sturdy Thixo arms and blades provided for 
thickening compartment; conventional ‘raking 
mechanism for outer tank arec. 

Thickening compartment large enough to 
permit holding settled sludge for intermittent 
filter operation. 


Clari-Thickener and Thixo are trademarks of The Eimco Corporation. 


THE EIMCO CORPORATION 


Process Engineers Division 
420 Peninsular Avenue, San Mateo, California 
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Rugged pipe 
installs easily 


—even in 
a soggy bed 


This 30" cast iron pipe was installed 
for expansion of a water system in 
Memphis, Tennessee. 

Despite heavy rains, the pipe went 
right to bed in wet trenches. Upon 
completion, the mains were tested at 
150 psi for 12 hours and were found to 
be bottle-tight. 

Cement-lined cast iron pipe prevents 
pipe-clogging . . . always delivers a full 
flow of water. Bottle-tight joints are 
tight enough to resist hundreds of 
pounds of pressure per square inch... 
yet flexible enough to permit deflection 
both during and after installation. 

Rarely requiring repair or replace- 
ment, cast iron pipe performs effi- 
ciently, day after day, for over a cen- 
tury. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


IRON PIPE 


| THE MARK OF THE 100-YEAR PIPE 
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“Ah'm trainin’ Oncle Rafe to 


swim under water... he wants to 


get a closer look at them 


boltless joints!” 


FOR WATER, SEWERAGE AND 
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a cast iron 
PIPE 


another “first” 
from U.S. Pipe 


Again, U.S. Pipe takes the lead 


This time with the new USIFLEX” Boltless Flexible 
Joint Pipe, specifically designed to cut costs, save 
nstallation time and labor on costly underwater jobs 
Developed after years of research and exhaustive 


tests Usiflex pipe takes to water like a duck 


Marvelously simple to install. No bolts, nuts 
Self-sealing gasket and lead lock your only 


accessories. And Usiflex locks bottle-tight with only 
moderate thrust. Once locked, it stays locked 


annot be dislodged when assembled or deflecte 
Want the full story on the simplicity, dependability 
ease of assembly and economy of Usiflex pipe? Call 


write for illustrated technical brochure. Today! 


U.S. PIPE AND FOUNDRY COMPANY 
enera! Office. Birmingham 2, Alabama 
egrated Producer from V 


nished Pipe 


USIFLEX 


BOLTLESS FLEXIBLE JOINT’ PIPE 


‘NOUSTRIAL SERVICE 
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insert the gasket in its seat in the socket 


Forming gasket loop helps initial stage of 

1 seating. Release of loop allows gasket to 
spring into the gasket seat where it is 
securely heid 


Apply special Usiflex tubricant to the bal! 

2 and inside surface of seated gasket in socket 
After lubrication, ball 1s ready to be pushed 
into socket 


Bal! has been socketed. Retainer ring lugs 

3 have been lined up with recesses in bel! 
and retainer ring 1s ready to be moved into 
the bell and rotated 


After insertion and rotation of retainer ring 
n bell, the lugs on retainer ring are in back 
4 of and in register with internal flange seg 
ments in bell. Lead lock 1s partially inserted 
nto recess between the bell and retainer ring 


Lead lock completely inserted im recess is 
being caulked in place by hammer blows on 
a wide caulking iron 
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“Hey, Hartley— 


it’s the white pipe again. a 


Right! There’s no rodding necessary because roots just can’t get in and clog up Transite 

the white sewer pipe. Johns-Manville’s patented Ring-Tite® Joint keeps out even the 
thirstiest of these system disrupters. And it remains impenetrable for the duration of 
the line. Remember, by keeping roots out you eliminate the major cause of expensive 
periodic cleanouts . . . an expense which can run over $2,000 annually per mile of pipe 


in a system having joints that are not tight. 

Actually, Transite starts saving you money 
from the very beginning. Its long length and light 
weight make this asbestos-cement pipe easy to 
handle in trucking, moving and lowering into the 
trench. Once in the trench, Transite adjusts 
easily and speedily to accurate line and grade. 
And that Ring-Tite coupling makes a dependable 
joint quickly and effortlessly. You’ll save on oper- 
ation costs too, because Transite’s low coefficient 
of friction (n = 0.010) means faster flow and 
shallower trenches. 


Hartley knows what he’s talking about when 
he says that Transite can cut your sewer system 
costs. Get all the details on Transite, the white 
sewer pipe. Write Johns-Manville, Box 14, JW-2, 
New York 16, N. Y. In Canada: Port Credit, Ont. 


JOHNS-MANVILLE 
TRANSITE PIPE 
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You'll Get 
“FLEXIBLE” 


Sewer Cleaning 
Equipment 


If it's for cleaning sewers, “‘Flexi- 
ble’ makes it, from the smallest hand 
set to the heaviest power equipment. 
“Flexible” Sales Engineers spend 
100% of their time working with 
Sewer Superintendents, analyzing 
their problems, and then training their 
crews after delivery. 

A complete line of work-proven 
equipment, backed by the sound coun- 
sel of experienced ‘‘Flexible” Sales 
Engineers, gives your city maximum 
results for its sewer cleaning invest- 
ment. 

Get all the facts, without obliga- 
tion. Write today! 
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RODDING MACHINES 


SeweRodeR: Sectional rods, Positive 
Dog-and-Chain Drive, Safety Clutch, 
4,000-ib. thrust, 3,000 ft. per day. 


MonoRodeR: Continuous straight rod 
in lengths to 1,200 ft., Infinitely 
Variable Positive Drive Speed. Footage 
Counter and rotation Tachometer. 


CoilRodeR: Coil rod cleaner for house 
laterals and sewers not over 6” 
diameter. 


Instant Reverse Power Drive: For 
small jobs and limited budgets. 


BUCKET MACHINES 


Truck-Loder: Loads right into truck, 
ends dumping sewage on street, elim- 
inates shoveling and cleanup. Sets up 
from street level using Surface-Hung 
Manhole Rollers. Safety Belt Booster 
Clutch, Footage Meter, Instant Dual 
Speed Transmission. 


415 SO. ZANGS BLVD., DALLAS, TEXAS 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 


- 
67a 
; 
eco 
: 
| 
FLEXIBLE inc 
e 


68a 


JOURNAL WPCF 


Running coagulation tests in 
General Chemical's Technical 
Service Laboratory to deter- 
mine alum dosage necessary 
for a water treatment problem 


Another difference ,is TECHNICAL SERVICE 


As the country’s primary producer of 
aluminum sulfate, General Chemical 
constantly helps customers solve 
technical problems involving the use 
of alum. Results? Improved efficiency 
and reduced operating costs for them. 
Here are some of the services our 
Technical Service Department offers: 
e Supplying basic information help- 
ful in planning design and installa- 
tion of storing, pumping, metering 
and feeding facilities. 

e Suggesting improvements to elim- 
inate existing storing and handling 
problems. 

e Providing chemists and operators 
with physical and chemical data nec- 
essary for the most effective use of 
alum. 


Basic to 
America's Progress 


e Assisting in laboratory tests and 
plant trials. 


e Running check analyses in our own 
laboratories. 


In water and sewage plants, our 
specialists provide valuable help and 
guidance on storage, handling and 
feeding problems, as well as the im- 
portant conversion from dry to liquid 
alum. They can help plant operators 
establish the best alum dosage. They 
recommend coagulation aids to im- 
prove flocculation in difficult water or 
waste treatment conditions. 


This kind of Technical Service is 
one of the reasons why General Chem- 
ical is a good company to do business 
with for your plant’s aluminum sulfate 
requirements. We will welcome the 
opportunity to serve you. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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CUTS SEWER 
LINE COSTS! 


RESEARCH 


The Clay Pipe Industry’s research has 
pioneered dramatic new developments, making 
production and installation of lifetime Vitrified 
Clay Pipe more efficient and effective. 

For example, Clay Pipe Industry research 
discovered the revolutionary resilient com- 
pression joints which are now offering impor- 
tant savings in installation time and cost to 
users of lifetime Vitrified Clay Pipe sanitary 
sewers. 


Other important tests are now going on 
at the Crystal Lake facility, by contract at 


colleges and universities all over the country, 
and at the modern laboratories maintained by 
individual Clay Pipe manufacturers. 

One experiment that promises to have 
far-reaching effects: detailed, year-long obser- 
vations of root penetration of 16 separate 
sewer pipe joints. Others include shear load 
studies of both pipe material and joints, devel- 
opment of new, less expensive jointing 
materials and techniques, exhaustive analyses 
of competitive products, flow-coefficient 
studies, and various tests aimed at improving 
the clay pipe itself. 

Results of the most significant of these 
tests will be announced as they become 
available. 


Under the direction of A. J. Reed, NCPMI Vice 


President and Director of Research, new break- 
throughs in manufacturing and uses of Clay Pipe 
are being made, offering greater, more confident 
service to those who specify and use lifetime 
Vitrified Clay Pipe. 


| NATIONAL CLAY PIPE MANUFACTURERS, INC. 
| 914 20th Street, N. W. 


COMPRESSION SEALED, viTRuFiED | “x | Weshington, D.C 


THE STANDARD in SANITARY SEWERS 
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Inerto! PAINTS PROTECT & BEAUTIFY 


MOBILE'S McDUFFIE ISLAND SEWAGE PLANT 


Main floor, blower building. Secuancen painted with high-gloss Glamortex Enamel for ~~ lasting 
protection, beauty and easy cleaning is admired by Supervisor A. B. Dueitt, 


Newest pride of Mobile, Alabama, is the 
recently completed McDuffie Island Sew- 
age Treatment Plant. 

In designing it, the choice of paints 
was of primary importance due to ab- 
normal operating conditions. (Some por- 
tions of the plant, which is located near 
Mobile Bay, are below mean sea level and 
subject to excessive dampness and heavy 
condensation.) After careful study, Ewin 
Engineering Corporation, consulting and 
design engineers, specified Inertol protec- 
tive-decorative coatings for the job. 

In addition to the use of mar-resistant 
Glamortex® Enamel (see caption), 
Ramuc® Utility Enamel was used on walls 
and ceilings, Rustarmor® on digester cov- 
ers, and many other Inertol coatings were 
used throughout the plant to protect it 


and bring out its best features. 

Year after year, consulting engineers, 
municipal authorities and maintenance 
men specify Inertol specialized protective- 
decorative coatings. A paint best suited to 
your problem can be selected from Inertol 
Company's complete line. 

Buy Inertol paints direct from the man- 
ufacturer. Shipment within three days 
from our plant or from warehouse stocks 
in your area. Write for free, valuable 
Maintenance Painting Guide SI 586. 

A complete line of quality coatings for 
sewage, industrial wastes and water plants 
and swimming pools. 


<@> |NERTOL CO., INC. 


482 Frelinghuysen Avenue, Newark 12, N.J. 
27-H South Park, San Francisco 7, California 
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Homestead Lubricated Plug valves at work in Bloom Township Sewage Treatment Plant. 
and Associ: i 


Consulting Engineer for installation: Consoer, Townsend 


ates, Chicago. 


“Five years—and not a cent for replacement parts!” 


.. the facts from Sanitary District of Bloom Township 


Installed in 1955, Homestead® Lubricated Plug 
Valves have carried 60,000 gallons of digested sludge 
from the conditioning tanks to the vacuum filters 
every week. The only maintenance required has 
been repainting one time. 


Homestead’s Lubricated Plug Valves mean lower 
maintenance costs . . . as proved at the Sanitary 
District of Bloom Township Sewage Treatment’ 


Plant in Chicago Heights, Illinois. Homestead Ft em 


Valves can mean lower maintenance costs of your| 
pipe lines, too. Write today for complete information. 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48 + Coraopolis, Pennsylvania 


! 
L 


Cross-section of Home- 
stead Lubricated Plug 
Valve. Triple head seal 
(A) prevents leakage. 
Tell-tale lubricant ring 
at (B) signals full sys- 
tem, prevents waste of 
lubricant and contami- 
nation of line fluids. 


Please send me catalog on Homestead Lubricated 
Plug Valves. We are interested in this specific 
application:.. 
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Armco Structure Fights Salt Water, 
Industrial Sewage Corrosion 


Withstands 
Differential 
Settlement, 
Too 


Because Armco ASBESTOS- 
Corrugated 
Steel Pipe met all the re- 
quirements of a tideland 
industrial sewage  instal- 
lation, it was specified by 
consulting engineers for 
the new Bestwall Gypsum 
Company plant, Bruns- 


wick, Georgia. 


See how Armco Corrugated Steel 
Structures—in a full range of 


ective coatings—can mee u 
sewage disposal requirements. Just ARMCO & Metal 

write Armco Drainage & Metal Prod- p d 

ucts, Inc., 4171 Curtis Street, 

Middletown, Ohio. We'll send com- ro ucts 


plete technical data. 
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Rex Verti-Flo not only increases the clarifying 
capacity of tanks up to four times; it provides a far 
clearer effluent. The savings in equipment and 
construction costs are obvious. Here’s how Verti- 
Flo does it: The unique design of Rex Verti-Flo 
Clarifier transforms the conventional horizontal- 
flow tank into a vertical-flow tank...utilizing the 
full volume of the tank and minimizing short-circuit- 
ing. This is accomplished by a system of collecting 
troughs, weirs and partitioning baffles which divide 
the large, horizontal settling zone into a series of 
small, vertical-flow cells. To assure maximum flow 
length and control, the weirs are adjustable en- 
tirely around the periphery of each cell. 


Installed in existing tanks, Verti-Flo can be at 
least double the capacity of the tank...in new 
installations, Verti-Flo provides up to four times 
more capacity so that smaller basins can be used 
with considerable savings in both equipment and 
construction costs. 

For information, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wis. 


CHAIN BELT COMPANY 
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take a 
LONG at 
sewer linings 


It’s a Hundred Year Proposition 


This 9%:-foot outfall sewer extends eight 
miles, and it will go a long way in years 
of trouble-free service. The engineers 
who designed it say that it will still be 
functioning perfectly well into the 21st 
Century. One important reason is that 
every surface above the low flow line 
is completely covered by a continuous 
membrane of T-Lock Amer-Plate, the 
viny] lining that is impervious to chemi- 
cal effluents and to the corrosive action 
of oxidized hydrogen sulfide at any 
level of concentration. 

Engineers know that no one can ac- 
curately predict future rates of H,S gas 
generation, so they have insured the 
ultimate life of the concrete by invest- 
ing an extra 8 to 10% for the absolute 
protection afforded by T-Lock. They 
predict that this will spare their city 
the cost of a replacement sewer in 


about 20 years, and save the taxpayers 
millions of dollars! 

Where protection is required, only 
T-Lock is satisfactory because only 
T-Lock combines complete chemical 
imperviousness with integral T-ribbed 
back which mechanically locks into the 
concrete. Experienced sewer design 
engineers will not gamble on compro- 
mise methods. Millions of square feet 
of T-Lock are now in use in Los An- 
geles; Topeka; Wichita; Sioux City; 
Shreveport; Washington, D.C.; San 
Diego; Mansfield, Ohio; Huntington, 
W. Va.; Hutchinson, Kansas; and 
Orange County, Calif. T-Lock Amer- 
Plate is also on current specifications 
for many other municipalities. For com- 
plete list of users and specifiers, plus 
technical data and a typical specifica- 
tion, write: 


Dept. SN, 4809 Firestone Bivd. 
South Gate, California 


129A 


921 Pitner Ave. 
Evanston, Ill. 


360 Carnegie Ave. 
Kenilworth, N. J. 


111 Colgate 
Buffalo, N.Y. 


2404 Dennis St. 
Jacksonville, Fla. 


6530 Supply Row 
Houston, Tex. 
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TYPE KUC VERTICAL—For com- 
poct installation with flexible 
coupling drive...motor high 
above floor. 


TYPE KCM VERTICAL—Utmost 
compoctness...close-coupled 
design... low suction. 
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TYPE KU VERTICAL—For flexible 
shoft drive ... misalignment proof 
..elevated motor protection 
against pit flooding. 


ASK FOR... 


NON-CLOG BULLETIN 121A 
SUMP BULLETIN 104 


MONO-VANE BULLETIN 121MV 


TYPE KS VERTICAL SUMP—For 
heavy duty wet pit service. Com- 
plete unit engineered to specific 
pit requirements. 


OBJECTIVE PERFORMANCE 


EFFICIENCY AND ECONOMY WITH 


NON-CLOG PUMPS 


For handling heavy liquids. . 


size to 6 inches 


Easy Installation 
e Easy Disassembly 


Smooth—Quiet 
operation 

« Hand cleanout provided 
in casings 


« Detachable suction and 
packing covers 


Ideal for public utility and industrial wastes. 


Capacities to 9000 GPM « Heads to 150 feet « Solids 
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. and solids in suspension. 


Large Passageways 


¢ Many optional features 
available 


Uniquely balanced 
impellers 


¢ Engine or combination 
drives available 


« Deep packing boxes 


ALTERNATE IMPELLER DESIGN 
ENCLOSED 
NON-CLOG 
OR 


MONO-VANE 
SINGLE 
PASSAGE 


TYPE KGG HORIZONTAL—Rugged base mounted unit 
... for use where suction conditions permit horizontal 
mounting. 


AURORA PUMP 


THE NEW YORK AIR BRAKE COMPA 


1190 LOUCKS 


AURORA, 
LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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Tine — FoR SFCENTRILING WINCH: 


MANHOLE 
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SEALED JOINTS 


PROCESS 
ELIMINATES LEAKING JOINTS 


Now joint leakage can effectively be stopped in small as well as 
large sanitary and storm drains. By remote control—constantly 
monitored by television which finds the leaks and checks the 
seal afterwards —special CENTRISEAL PROCESS equipment 
forces a fast-setting polymeric sealer into open joints from the 
inside. This forms a tough seal in the pipe joint as well as out- 
side in the surrounding soil. You’re thus assured a permanent 
bond, and leakage from either internal or external pressures is 
prevented. No excavations are necessary and the grouting 
process is remotely controlled from above ground. Savings are 
found in maintenance and pumping costs and capital expendi- 
tures are avoided. 


INCIDENTALLY lf your problem is more than leaking joints, 

*** if you have deteriorated pipes, investigate 
the other Centriline services. The CENTRILINE PROCESS lines 
pipes with a cement mortar or acid-resistant epoxy mortar 
applied centrifugally. Because the pipes remain in place, there’s 
no traffic interruption. Pipe life is increased, ground and pave- 
ment settlement due to infiltration eliminated. Write now for 
complete information on the CENTRISEAL PROCESS for leaking 
joints and the CENTRILINE PROCESS for lining pipe. 


CENTRILINE CORPORATION 


Subsidiary of Raymond International Inc 


140 CEDAR STREET, NEW YORK 6, N. Y. © WOrth 2-1429 


Branch Offices in Principal Cities of the United States, Canada and Latin America 
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SAVE UP TO 50%... 
GORMAN-RUPP SEWAGE PUMPS 


A glance at the two diagrams above will 
quickly show simplicity of installation. 
Further study of equipment costs will add 
to the proof of savings when you install 
Gorman-Rupp High-and-Dry Sewage 
Pumps. These economies are possible 
through design features which permit self- 
priming in lifts up to 15 feet, positive 
action, and nearly complete avoidance 
of clogging. 

Gorman-Rupp Sewage Pumps need 
almost no maintenance compared to sub- 
merged pumps. No need to service by en- 
tering pit or raising pump. Just a turn of 
the handle and the end plate is off. 

In lift stations and sewage plants, these 
Gorman-Rupp units have shown amazing 


savings. . . operating where others have 


failed. 3’’, and 6’’ pumps—con- 
nected to your power or ordered complete 
with power units. Write for specifications. 


THE GORMAN-RUPP COMPANY 


305 Bowman Street - Mansfield, Ohio 
Gorman-Rupp of Canada, Lid., St. Thomas, Ontario 


In Jacksonville, Florida, a 3-inch Gorman-Rupp 
pump replaced a submerged pump after 244 
years in service. 
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SLUDGE COLLECTING 
LAUNDER 


SLUDGE 
WITHDRAWAL PIPES 
(ROTATING) 


3-WAY CAPABILITY of the RSR 
Clarifier to make high-volatile 
sludge, low-volatile sludge and 
clarified effluent separation is 
illustrated in the cutaway 
drawing. 


NOW... Rapid, 


VISUAL 

EVIDENCE 

of sludge flow 

as it enters the col- 

lecting launder. Note 

in particular the flexibil- 

ity provided for varying 

sludge flow from each indi- 
vidual uptake pipe. 


continuous sludge removal 


with the new DORR RSR CLARIFIER 


For rapid removal of fresh sludge on 
a continuous basis, the Dorr® RSR 
Clarifier affords visual evidence of 
quality and quantity of sludge 
removed from secondary clarifiers. 
This is accomplished by removal of 
sludge from the entire floor area by 
rotating uptake pipes. Simple adjust- 
ment provides for controlled rate of 
sludge removal from each individual 
pipe. 

In operation, a combination of 
rake and deflector blades channel the 
fresh sludge to an area under the 


withdrawal pipes where the sludge 
is lifted by hydraulic head to the col- 
lecting launder. Sludge flows from 
the launder to a sump for recycling or 
wasting following conventional prac- 
tice. The sweeping action of the rake 
blades also provides for removal of 
grit and other inorganic material 
without dewatering the tank. 

For information on the RSR Clari- 
fier and on the complete line of Dorr- 
Oliver equipment and methods for 
sewage treatment, write Dorr-Oliver 
Incorporated, Stamford, Conn. 


“DORR-OLIVER. 


WORLD-WIDE REGEARCH ENGINEERING * EQUIPMENT 
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ESTIMATING SEWAGE TREATMENT PLANT 
OPERATION AND MAINTENANCE COSTS 


Insufficient attention is often given 
to the cost of operating and maintain- 
ing sewage treatment plants prior to 
Realistic ap- 
praisals of operating costs should pre- 
the development of financing 
plans so that adequate funds are avail- 
able for operation when construction 
is completed. little to be 
gained through careful planning and 
design unless the new plants are satis- 


their construction. 


cede 


There is 


factorily operated. 

It is jeopardize the 
heavy investments in treatment works 
construction through failure to carry 


unsound to 


on sound programs of operation and 
Further, the effluents 
from poorly operated plants can be 
more hazardous to the public health 
and than untreated 
since the presence of a treatment works 
tends to lead the public to 
relatively full use of the 
waters. 


maintenance. 


welfare wastes 
expect 
receiving 


The first step toward obtaining satis- 
factory operation and maintenance is 
to provide sufficient funds for this 
Unfortunately, little in- 
formation is available to communities, 


purpose. 


consulting engineers, and water pollu- 
tion control authorities about operation 
and maintenance costs. Realistie ap- 
propriations cannot be made without 
this kind of information. 

The Water Pollution Control Act of 


1956 (P. L. 660) provides for federal 


P,. P. Rowan is Chief, Evaluation Section, 
Construction Grants Branch; K. L. Jenkins is 
Chief Statistician, Basic Data Branch; and 
D. H. Howells is Acting Chief, Construction 
Grants Branch; all of the Division of Water 


Supply and Pollution Control, Public Health 
Washinaton, 


Service 


P. P. Rowan, K. L. Jenkins, and D. H. Howells 


financial assistance to communities in 
the construction of sewage treatment 
facilities. Section 6 (b) of the Act 
states that ‘‘no grant shall be made 
for any project under this section un- 
til the applicant has made provision 
satisfactory to the Surgeon General 
for assuring proper and efficient opera- 
tion and maintenance of the treatment 
works after completion of the construc- 
tion thereof.’’ 


Cost Survey 


Communities submitting applications 
for federal grants must provide esti- 
mates of annual operation and main- 
tenance While these estimates 
have been evaluated in light of the 
best information available, the Publie 
Health Service has recognized the need 
for better data to guide these determi- 
nations. To strengthen the basis for 
estimation of operation and mainte- 
nance the Service undertook a 
study of operation and maintenance 
costs of representative sewage treat- 
ment plants having a record of satis- 
factory operation for at least five years. 

The Executive Secretary of the 
State Stream Sanitation Committee of 
the state of North Carolina agreed to 
assist the Public Health Service in a 
field trial to determine whether com- 
munities could provide the desired in- 
formation. The results of this trial 
were exceptionally promising, and it 
was decided to conduct the survey on 
a national basis. 

The 1957 Inventory of Municipal 
and Industrial Waste Facilities (1) 
was used to establish a sample of 750 
treatment plants based on national 
distribution as to size and type. 


costs. 


costs, 


. 
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TABLE I. 


No. of Plants Analyzed on Basis of Cost 
per MGD 


Plant Location 
High 
Rate 


Filters 


Standard 
Primary Rate 
Filters 


Activated 
Sludge 


Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Dist. of Col. 
Florida 
Georgia 

Idaho 

Illinois 
Indiana 
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Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


Total 


February 


Distribution of Study Plants by State 


No. of Plants Analyzed on Basis of Cost 
per Capita 


Standard 
Rate 


Filters 


Primary 


(23 
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All field) work carried out 
through the Publie Health Service re- 
gional offices in cooperation with state 


Was 


water pollution control agencies. Of 
the 750 questionnaires sent out, 520 
returned. Ap- 
proximately 80 of the returned ques- 


were completed and 


tionnaires could not be used because of 
limited data for certain treatment cate- 
Another 120 
because of insufficient or 


vories. were discarded 
erratic data. 
The remaining 321, reporting data for 
primary 
tion), 
filter, 
plants, were included in this study. 


(with separate sludge diges- 
standard- and high-rate trickling 
and activated sludge treatment 


For the purpose of this paper, pri- 
ary treatment plants are those which 
remove substantially all of the settle- 
able solids and give an over-all BOD 
reduction of approximately 30 to 40 
per cent. The plants included in the 
secondary-treatment classification pro- 
vide for the removal of substantially 
all of the 


settleable solids and more 
than 75 per cent of the BOD. In all 
instances, the digested solids are dis- 
posed of by means other than dis- 


charge with the plant effluent. 
Reported here are total annual op- 
eration and maintenance costs directly 
associated with actual plant operation. 
Costs for central administrative serv- 
ices normally provided by municipal 
governments, such as billing and col- 
lection of sewer service charges, are 
not included; neither are expenditures 
Data were 
requested for the years 1955 through 
1958. An the 
ported was used where individual an- 


for capital maintenance. 


average of years re- 
nual totals were of approximately the 


same maenitude. In cases where an 


increase from year to year was re- 
ported, data for the most recent year 
were utilized. Total costs for one or 
two years which varied appreciably 


from the remaining years without sat- 


isfactory explanation were disregarded 
totals 
dis- 


uniform 
data were 


mean of the 
Erratic 


the 
used. 


and 
was 


ING COSTS 


113 


Table | shows the distribution 
of questionnaires utilized in the study 
by type of plant and state. 


carded. 


Analysis of Data 


Annual operation and maintenance 
data were analyzed in relation 
to average annual daily flow, popula- 
tion served, and population equivalent 
removed. 


cost 


Data on population equiva- 
lent removed, however, were not suffi- 
ciently complete for presentation. The 
frequency distributions for these cate- 
were skewed to the right so 
that logarithmic transformations were 
used to approximate 
butions more closely. 


gories 


‘‘normal’’ distri- 

When the data 
were plotted on log-log paper, it was 
apparent that some curve other than a 
straight line would best fit the data. 
Several were tested, and the inverse 
function 


] 


(1) 
a+ blogz 


log y = 
the smallest standard error of 
estimate and was adopted for analysis 
in this paper. 


In Eq. 1, 


cave 


y = annual cost per mgd X 0.001, and 
rv =average daily flow in mgd x 100 


TABLE II.—Estimated Annual Operation and 
Maintenance Cost for Primary Plants*t 


Estimated Annual Cost ($ med) 


Average 
Flow (med) Lower Expected Upper 
Limit§ Value Limit 
0.1 12,602 23,294 43,004 
1.0 5,808 10,736 19,862 
10.0 3,635 6.719 12,430 
100.0 2.655 4,908 9.080 


* Valid flow range, 0.1 to 100 mgd. 
Estimating equation 
1 
0.49273 + 0.23867 log x 
§ Ratio for lower limit, 0.541. 
2 Ratio for upper limit, 1.850. 


log y = 
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FIGURE 1.—Operation and maintenance costs for primary plants. 


for cost-per-med studies ; and 


y = annual cost per capita X 10, and 


‘= population served X 0.01 


for cost-per-capita studies. 


data done 
manually throughout the entire opera- 
tion. Once the 
made, the curves of best fit were com- 
puted by the method of least squares. 
The antilog of the standard 


Processing of the Was 


transformations were 


error 


Cost per MGD in Thousonds of Dollon per Yeor 


1.0 


of estimate was determined and multi- 
plied against any computed cost value 
to obtain the limit of 
error above the value. 


one standard 
The reciprocal 
of the standard error when multiplied 
by the computed cost value will give 
the limit of one standard error below 
the value. If 


errors are desired, these ratios should 


limits of two standard 


be squared (or cubed for three stand 


ard errors) prior to multiplication 


Average Flow in MGD's 


FIGURE 2.—Operation and maintenance costs for activated sludge plants. 
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TABLE Ill. Estimated Annual Operation and 
Maintenance Cost for Activated 
Sludge Plants*t 


ated Annual Cost ($,'mged 


Laowe expected Upper 
Limits Value Limits 


13,363 53,403 65,730 

21,450 26,405 
10.0 832 12,108 14,9005 
100.0 6.043 SIS] 10.071 


* Valid flow range, 0.05 to 25 mgd. 
ft Estimating equation 

0.40062 + 0.17223 log x 
§ Ratio for lower limit, 0.812 
= Ratio for upper limit, 1.231. 
The use of one standard error sets the 
limits which should include approxi- 
mately 64 per cent of the cases of an- 
other sample from a like population. 
Similarly, two standard errors would 
include 96 per cent, and three standard 
errors 99 per cent. 

For example, when the estimated 
range of values for one standard error 
above and below the computed value 
is found, the results should be in- 
terpreted as follows: on the basis of 
the experience of the number of plants 


Cost per MGD in Thousands of Dollon per Year 


3, No. 2 OPERATING COSTS 
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TABLE IV.-- Estimated Annual Operation and 
Maintenance Cost for Standard-Rate 
Filter Plants*{ 


Estimated Annual Cost 


Av erage 
Flow Gugd 
Lower bxpected 
Value Limite 


43,593 71,582 117,466 
10° | 6,472 10,628 17,441 
10.0 3,120 5,123 S407 


Valid flow range, 0.15 to 10 mgd. 
Estimating equation 

l 

"FY 0.10405 + 0.43509 log x 


Ratio for lower limit, 0.609, 
Ratio for upper limit, 1.641. 


Wom 


for which cost data are available, the 
chances are two out of three that the 
annual operation and maintenance cost 
of a like plant will be between the two 
extreme figures, with the best estimate 
being the computed value. 

Flow figures in even numbers were 
used for convenience of manipulation 
and plotting. Any other value can be 
approximated by reading from the 
chart and multiplying the value by the 
actual flow, or derived by appropriate 
substitution in the equation and again 


| 


~ 100 


Average Flow in MGD's 


FIGURE 3.—Operation and maintenance costs for standard-rate trickling 


filter plants. 
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Cost per MGD in Thousonds of Dollon per Year 


0 10 100 
Average Flow in MGD's 


FIGURE 4.—Operation and maintenance costs for high-rate trickling 
filter plants. 


multiplied by the flow. Extension of Primary Treatment 
the estimates beyond the limits of the 
data would be a dubious procedure. 


This group includes primary treat- 


ment plants employing settling tanks 


Cost Per Million Gallons Per Day 
of solids. Of the 92 plants ineluded 


Below is a presentation of annual 


in this study, 49 are east of the Missis- 


operation and maintenance costs in 


sippi, 33 are located on the West 


terms of annual cost per mgd. Total 


Coast, and the balance is evenly dis 


annual costs can be estimated by multi- 


tributed between the central and moun 


plyine the cost per med obtained from 


tain states. Cost data are shown in 
Table Il and Figur 1. 


the curve or the estimating equation 
by the flow of the plant in mgd’s. 


TABLE V.—Estimated Annual Operation and TABLE VI.—Estimated Annual Operation and 
Maintenance Cost for High-Rate Maintenance Cost for Primary Plants*+ 


Filter Plants*t 


1,000 1.86 2.67 3.83 

ail 26,426 10,040 60,700 10,000 | 0.98 1.41 2.02 
1.0 8,929 13,539 90.525 100,000 0.63 0.9] 1.30 
10.0 1,045 7,492 11,358 1,000,000 0.47 0.67 0.96 


* Valid flow range, 0.10 to 10 mg« * Valid population range, 1,000 to 500,000. 
t Estimating equation } Estimating equation 


log 
0.36435 + 0.25968 log x 0.53161 + 0.16975 log xr 


log y = 


Ratio for lower limit, 0.697. 
Ratio for upper limit, 1.434. 


§ Ratio for lower limit, 0.660. 
= Ratio for upper limit, 1.516. 
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OPERATING COSTS 


Cast per person in dollar 


10 


Activate d Sludge 


This includes the 
tional activated sludge processes plus 


category ceonven- 


other types of aerated biological treat- 
ment. Of the 60 plants included in 


the study, 37 are east of the Missis- 
sippi, and the balance is evenly distrib- 
uted west of the Mississippi. Cost 


data are shown in Table III and Fig- 
9 


ure 


Population Served in Thousands 


FIGURE 5.—Annual operation and maintenance costs for primary plants. 


Standard-Rate Trickling Filters 


The trickling filter plants included in 
this category are those which do not 
employ recirculation of the filtrate and 
have a calculated filter loading rate for 
average daily flow not exceeding 4 
Of the 69 plants included 
in this study, 41 are east of the Missis- 
sippi. Cost data are shown in Table 
IV and Figure 3. 


med acre. 


Cost per person in dollars 


| | 
| | | 
10 100 


Population Served in Thousonds 


FIGURE 6.—Annual operation and maintenance costs for activated 


sludge plants. 
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TABLE VII.—Estimated Annual Operation and 
Maintenance Cost for Activated 
Sludge Plants*t 


Population 
Served 
Lowe! 


Limit$ 


LOO 
1,000 | 

10,000 
100,000 | 


1,000,000 0.69 


* Valid population range, 500 to 200,000 
Estimating equation 


O.13791 log x 


log y = 
0.50927 


§ Ratio for lower limit, 0.789. 
= Ratio for upper limit, 1.267 


Iligh-Rate Trickling Filters 


The trickling filter plants included 
in this eategory all employ recircula- 
tion and a filter loading rate in ex- 
cess of 4 mgd acre. Of the 94 plants 
included in this study, 49 are east of 
the Mississippi, 25 are on the West 
Coast, and the balance are evenly dis- 
tributed in the lower two-thirds of the 
central and Cost 
data are shown in and Fig- 


ure 4. 


mountain states. 
Table V 


JOURNAL WPCF 


February 1961 
TABLE VII!. Estimated Annual Operation 
and Maintenance Cost for 
Standard-Rate Filter 
Plants *t 


Estimated Annual Cost 


Expected 


Value 


I ower 
Limit§ 


1,000 
10,000 
100,000 


2.60 
0.97 
0.56 0.75 

* Valid population range, 1,000 to 100,000, 
t Esiimating equation 


log = 
0.24904 log x 


0.39745 


§ Ratio for lower limit, 0.740. 
# Ratio for upper limit, 1.351. 


Cost Per Capita Served 


Below is a presentation of operating 
costs in terms of population served. 
The derivation of curves and other 
statistical data followed the 
quence used in the cost-per-mgd study. 


Same se- 


The definitions for the types of treat- 
ment the the 
number of plants and geographic loca 
Total annual 
costs can be estimated from the eurves 
or by use of the estimating equation. 


are same. Ilowever, 


tions change slightly. 


Cost per person in dollars 


10 


100 1000 


Population Served in Thousonds 


FIGURE 7.—Annual operation and maintenance costs for standard-rate 
trickling filter plants. 
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Primary Treatment 


Of the 95 plants in this study, 50 
are located east of the Mississippi, 35 
on the West Coast, and the balance is 
located primarily in the central states. 
Cost data are shown in Table VI and 
Figure 5. 


Activated Sludge 


Of the 62 plants included in the 
study, 39 are east of the Mississippi, 
and the balance is distributed between 
central and western states. Cost data 
are shown in Table VII and Figure 6. 
Standard-Rate Trickling Filters 

Of the 71 plants in this study, 44 
are located east of the Mississippi, and 
the balance is evenly distributed 
throughout the remainder of the 


country. Cost data are shown in Table 
VIII and Figure 7. 
High-Rate Trickling Filters 

Of the 93 plants included in the 
study, 46 are east of the Mississippi, 
27 on the West Coast, and the balance 
is evenly distributed through the 
southern two-thirds of the central and 


mountain states. Cost data are shown 
in Table IX and Figure 8. 


OPERATING COSTS 


— 


Maintenance Cost for High-Rate 
Filter Plants*t 


| Estimated Annual Cost ($/cap) 
Population |- —— - 
Lower Expected Upper 
| Limit§ Value Limit? 
1,000 | 3.16 | 4.57 6.60 
10,000 | 0.94 | 1.36 1.97 
100,000 0.51 | 0.73 1.05 


! 
* Valid population range, 1,000 to 100,000. 
7 Estimating equation 
] 
og y = — —- 
BY 0.32302 + 0.27926 log z 
§ Ratio for lower limit, 0.692. 
= Ratio fur upper limit, 1.445. 


Discussion 
The inverse relationship between 

cost per capita or unit of flow (y) 
and size of plant (x7) is expressed by 
Eq. 1: 

] 

ogy = 

By a+ blogz 

From this equation it can be seen that 
the cost of operation and maintenance 
per capita or mgd decreases at a 
logarithmically decreasing rate with 
increasing size of plant. 
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TABLE IX.—Estimated Annual Operation and 


Cost per person in dollors 


Population Served in Thousands 


FIGURE 8.—Annual operation and maintenance costs for high-rate 
trickling filter plants, 
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FIGURE 9.—Comparison of annual costs on an mgd basis. 


Comparative cost curves for opera 
tion and maintenance of the various 
types of treatment plants are shown 
in Figures 9 and 10. The cost per 
med for activated sludge and high- 
rate trickling filters relates well to the 


cost for primary treatment (Figure 9 
The cost curve for standard-rate trick- 


ling filters, however, indicates higher 
costs than expected below 1 mgd and 
lower costs between 1 and 10 med. 


dollars 


Cost per person in 


e 


This is attributed to the concentration 
of data below 1 mgd and the rather 
wide divergence of data beyond this 
point, 

The cost 
served (Figure 10) fall within a nar- 
row band. The curve for activated 


curves for population 


sludge relates well to that for primary 
treatment, but the curves for standard- 
and high-rate trickling filters drop be 
low primary treatment above popula- 


ved in thousends 


FIGURE 10.—Comparison of annual costs on a per capita basis, 
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8.000. The reason the 
trickling filter curve com- 
pared more favorably with the pri- 
mary curve on the basis of flow rather 
than population served might be due to 
the knowledge of plant 
flows than of population served. The 
standard-rate filter curve followed the 


tions of about 
high-rate 


more exact 


same pattern as shown in Figure 9. 


Conclusions 


Cost data presented in this report 
represent current total annual cost ex- 
perience for the operation and mainte- 
nance of 300 treatment plants. 
These data relate only the annual op- 


over 


eration and maintenance costs and do 
not reflect costs for general administra- 
tion, other 


plant 


capital improvement, or 


direct ly related to 


items not 


OPERATING COSTS 


SPECIAL TV DOCUMENTARY ON WATER POLLUTION 


As a part of the Bell and Howell ‘‘Close-up’’ series, the American 
Broadcasting Company will televise nationally from 10:00 to 11:00 pm 


121 


This information will be 
useful in the development of prelimi- 
nary Operation and maintenance cost 
estimates in the planning of sewage 
treatment projects. While all plants 
included in this survey were believed 


operation. 


to be satisfactorily operated, no de- 
tailed studies were made to determine 
whether such operation would be con- 
sidered satisfactory for new plants 
with well-planned operating budgets. 
Consequently, estimates derived from 
tend to be and 


should be applied in this light. 


these data may low 


Reference 


1. ‘‘Inventory of Municipal and Industrial 


Waste Facilities in the United States 
1957.’’ Publ. Health Serviee Pub 
lication No. 622 (1958). 


EST on Wednesday, March 29, a special documentary on water pollu- 


tion. 


that Troubled Waters”’ 


was under consideration. 


At this time a title has not been selected but one report indicated 


All JouRNAL readers 


are urged to mark their calendars for this special event. 


The presentation will be entirely filmed, with interviews from ap- 


proximately 50 separate locations in the U.S. 


It will attempt to em- 


phasize the scope of the water pollution problem now and in the next 10 


Vears. 
cussed. 
COV ered. 


lems, will be 


General and special pollution problems are examined and dis- 
A variety of industrial wastes, as well as domestic waste prob- 
A broad representation of 
tivities is covered by those entering into the discussions. 


and ae- 
Included are 


interests 


federal, state, and local health officers; public officials; representatives 
of various industries; scientists; specialists in the fields of water supply, 
treatment, and conservation ; and housewives and members of the general 


public 


Existing and projected solutions, together with their collateral eco- 
nomics, politics, and social attitudes, are also examined and discussed, 


with the conclusion that more general awareness of the problem, together 


With more intense concentration toward providing solutions, must be 


effeeted if a serious national water erisis is to be averted 


ORGANIC MATERIALS IN 
SECONDARY EFFLUENTS 


Millions of 
who depend on surface supplies for 
their water use a water supply which 
is partially composed of reconditioned 
The future will confront all 
live in this with 
the unpleasant fact that an 
ingly large portion of the raw water 


people in this country 


sewace. 


those who situation 


inereas- 


supply has already been used one or 
more times. Under these circumstances 
it will be necessary to require progres- 
sive improvement in both sewage treat 
and in the efficieney 
with which surface water is processed 
for municipal use. 

More complete treatment of muniei- 


ment efficiency 


pal wastes means more than greater ef- 
ficieney in 
dures. 


sewage treatment proce- 
If a 99-per cent efficiency in 
sewage treatment and other stringent 
requirements on conditioning of sew- 
age for discharges to water courses is 
to be necessary, it is clear that there 
must be a revolution in procedures for 
the Not much 
good can be done by treating 80 per 
cent of the with highly ef- 
ficient reconditioning processes and al- 
to go to the 


Everyone 


collection of sewage 


sewave 


lowing 20 per cent of it 


waterway untreated. who 


is familiar with a municipal sewer sys 


tem knows of sewage and waste 

The authors are staff members of the Robert 
A. Taft Sanitary Engineering Cente 
Public Health Service, Cincinnati. Ohio Por 
tions of the paper wer presented at the Sixth 


Annual Waste Engineering Conference, Un 


versity of Minnesota, Minj apolis, Minn., Dee 
(1-12, 19059, A furthe presentation wa 
made at the Vhird Biological Waste Cor 
ference, Manhattan College, New York. Ip? 
This pape s hased on the 
earlier prese ntation, with certain s ipple men 
tary information supplied by the authors 
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streams in the community which do not 
actually go through the sewage treat- 
ment plant. In some cases it has been 
inconvenient to get these into an inter- 
ceptor or, an installation adjacent to a 
water found it 


simpler or cheaper or more expedient 
| | | 


natural course has 
to send all or part of its waste streams 
to the water course rather than to the 
Sewage treatment plant. Sewage treat 
ment plant design cannot contain the 
leaping weirs, the bypasses to natural 
Water courses which divert the sewage 
away from the treatment plant as soon 
Plants which 
handle 80 med and 
which bypass 10 or 20 per cent of the 
flow during that part of the day when 
the plant is hydraulically overloaded 
because the rate of flow is 90 med for 
It is 
easy to say that bypassing cannot be 


as a light rainfall oeeurs. 


are designed to 


an hour or so cannot be afforded. 


is a modest in- 


done every time there 
crease in the sewage flow as a result 


of rain or that all the sewage must be 


delivered to the sewage treatment 
plant. Doing this is a matter whieh 
will run to billions of dollars. How- 


ever, it is unreasonable to consider 
means of inereasing 90-per cent puri- 
fication of sewage to 99-per cent purifi- 
cation of with 


tainment of specific undesirable com- 


sewage together eon 
ponents of effluents unless it is expected 
that 100 the 


age reach and be proeessed by a 


almost eent of 
will 


treatment plant 


per Se W- 


Accepting the facet that there must 
better job of col 


wastewater 


be a progressively 


lecting and reconditionine 


before its discharge, consideration ean 


now be given to the possibility that 
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tertiary treatment of sewage will be a 
requirement. Some of the local areas 
in which this appears to be near reality 
have already been discussed by MeCal- 
lum (1). 

The future sewage treatment process 
may be totally unlike any of the proc- 
now used. However, there is a 
good possibility that the high efficiency 
process of the future will embrace the 
procedures now used in sewage treat- 
ment, followed by further purification 
steps. It is in this frame of reference 
that work toward deter- 
mining the eomposition of secondary 
effluents. 


esses 


was started 


Laboratory Studies of Secondary 
Effluents 


One of the chief difficulties in identi- 
fying and determining the soluble or- 
ganic constituents of sewage effluents is 
that they are individually 
low concentration. A 


present in 
method was 
needed for concentrating large volumes 
of the effluent the 
nature of it. A precision laboratory 
evaporator was used to reduce the vol- 
ume of the effluents. This evaporator 
is particularly suited to the evapora- 
tion of heat-sensitive substances. 


without changing 


Oper- 
erating under vacuum, the effluent in 
the evaporating chamber never exceeds 
56°C. Loss of volatiles in the distilla- 
tion is quite small and is discussed in 
detail later 

Samples of secondary effluents from 


TABLE II. 


Chemical Distribution 


Dayton 


IN SECONDARY 


Richmond 


EFFLUENTS 


TABLE I.—Sample Data 


Type of 


Sample 
Facilities 


Location Date 


Dey 


Dayton, Ohio 
Richmond, Ind. 
Chicago, Ill 
Hamilton, Ohio 
Loveland, Ohio 


Trickling filter 5 
Activated sludge 6 
Activated sludge 
Activated sludge 
Trickling filter* 


25,59 Monday 
17 50 Wednesday 
50 Tuesday 
19 50 Wednesday 


No. 1 sample 4 20 50 Monday 
No, 2 sample 7 27 59 Monday 
No. 3 sample 9 8 59 Tuesday 


* Secondary settler 
removal 


does not have mechanical shidge 


the various towns and cities listed in 
Table I were filtered through Whatman 
No. 5 filter paper and then conecen- 
trated twenty-fold. The ether-soluble 
vroups determined follows. 
One liter of a 20 to 1 concentrate was 
extracted at pH 2.5 with ether. This 
ether layer, containing the neutral and 
acid groups, was then shaken with 2 
per cent sodium hydroxide to remove 
the acid fraction. The acid fraction 
was further divided into weak and 
strong acid groups by extracting the 
aqueous solution with ether at pH 8.2 
and pH 2.5. The original water layer 
was extracted with ether at pHI 12 to 
remove the basic group. 


were 


The remain- 
ing amphoteric compounds in the aque- 
ous layer were removed by extracting 
this solution at pH 7.0 with ether. 

The diffusibility of the effluents was 
determined by dialysis for four days 
through a membrane from 
which the humectant-glycerin had been 
removed. 


cellulose 


A continuous dialyzer was 
assembled to permit the use of a limited 


of Final Effluents (Reported as mg 1) 


Source of Sample 


Loveland Loveland 


o. 2 o 3 


Chisess 


Hamilton 


COD —unfiltered 76.7 556 70.0 | 145.6 145.0 O14 
COD—filtered through Whatman No. 5 51.3 44.6 41.6 58.1 65.6 O.5 | 7H.0 
COD-—filtered, corrected for Cl 10.4 23.7 25.3 | 53.3 85.7 65.1 
Chloride 17.6 91.0 | 71.1 | 400 | 534 60.1 7.5 
Anionic detergents | $.2 5 2.4 4.4) 7.5 12.5 8.3 
Hydroxylated aromatic as tannic acid Ou O51 0.52 093s | gL 1.70 14 
Anthrone as glucose 24 | 13 22 15 OS 
Nelson as glucose 0.0 0.0 | 
Potal Kjeldahl! nitrogen | O52 171 151 1.82 
Residue at 105°C on filtered 336 445 507 
Residue at 600°C on filtered B54 413 
Volatiles 70 131 ay 100 120 
Ether extractable material 3 OS i2 3.2 5.2 
Suspended matter (Gooch 17. Hy 16. 7H ‘1 
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TABLE III.—-Composition of Ether Extractables of Final Effiluents * 


Organic 


Dayton 
Constituent 


Per . Per 
Cent 


} mg, mg‘! Per 
1.79 
O.1S8 
0.08 

| O.16 
1.05 


Strong acids 
Weak acids 
Bases 
Amphoterics 
Neutrals 


0.54 0.79 
0.09 
0.04 
0.09 


O.18 


66.3 
0.07 8.4 
0.01 1.2 
0.02 2.4 
0.18; 21.7 


Total 3.26 
| 


100.0, 100.00 1.19 


* Based on total ether extractables from 20 


quantity of dialyzing water and re- 
tention of the materials diffused from 
the dialyzate. 

The of analysis were all 
well-established procedures. 


methods 
They are 
here referenced so that other investi 
The 
method of 


gators can compare their results. 
chemical oxygen demand 
Moore and Walker (2) was modified in 
that after 45 min of refluxing with 
0.025N potassium dichromate, 0.5 g of 
silver sulfate was added, and refluxing 
continued for an additional 
The methyl green procedure (3 


75 min. 
Was 
used to determine the anionic detergent 
concentration. The spectrophotometric 
adaptation of the Nelson assay (4) 
used to test for reducing sugars. 


Was 
The 
analyses were made on a protein-free 
filtrate from which all other reducing 
substances had been removed by means 
of barium hydroxide-zine sulfate pre 
cipitation. The quantity of carbohy- 
drates was measured by the anthrone 


(5) procedure. If the anthrone assay 


Cent 


66.4 


100.0, 3 


Source of Sample 


Hamilton Loveland 


mg 


1.93 
0.28 
0.07 
0.15 
0.74 


2.29 
0.49 
0.09 


15 100.0) 5.17 100.0 4.86 100.0 3.02 


100.0 


liters. 


the 
effluents, interferences are encountered. 


is run on concentrated secondary 
The tests were made on the precipitates 
obtained from adding aleohol to 70 per 
cent by volume. The residue on evapo 
ration, fixed residue, and loss on igni- 
tion at 600°C were determined accord 
ing to Standard Methods’’ 
that after the 
moistened with a 5-per cent solution of 


dried 


\ 6 } except 


ignition residue Was 


ammonium carbonate and then 


at 105°C 


Discussion of Results 


Before using evaporation procedures 
for concentration, loss of organie mat- 
ter in the distillate 
Chemical oxygen 


was investigated. 


demand determina- 
tions on distillates were found to aver- 
2 mg/l. A dry ice-aleohol cold 
trap placed between the distillate and 
vacuum source failed to trap any sig- 
nificant of volatile 
matter. 


ave 


amounts highly 


TABLE IV.—Diffusibility of Final Effluent (Reported as mg /1 


COD of diffusate 

COD of diffusate-corrected fo 
COD of dialyzate 

Per cent COD dialyzable-cu 
Kjeldahl N of ditfusate 
Kjeldahl N of dialyzate 

Per cent N dialyzable 


Source of San ple 


eland 


Hamilton No 


go | 


| 
} 
| 
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. 
| Loveland Loveland 
pe | Per Per Per Per 
Cent |™® Cent Cent Cent 
6OL.3 44.3) 2.70) 55.6) 1.55) 51.3 
8.9 9.50.39) 8.01 0.23) 7.6 
1.7) 0.18 3.7 0.06 2.0 
4,110.39) 7.60.36 7.4; 0.13 1.3 
| 23.5) 1.91) 36.9) 1.23] 25.3) 1.05) 34.8 
| 
2 
* 
3 
4 
| 
Constituent | 
| Loveland| Loveland 
Me 27.0 2.6 | 339 | 31.4 44.7 64.9 15.2 
16.0 11.7 } 176 | 22.2 32.4 51.1 
15.5 4.8 |} 17.5 24.5 25.9 
O28 O21 O25 O.44 O03 0.453 
~ 
0.62 0.27 0.77 1.10 1.14 
4 


ORGANICS 


onstituent 


Dayton 


The results in Table IL show that the 
suspended solids in secondary effluents 


are fairly small. However, these filter- 
able suspended solids account for 20 to 
cent of the total COD. This 
portion of material could be 
removed by known processes at a toler- 
able 

The chemical oxygen demand of the 
dissolved organic matter from 
20 to 85 mg/l. The volatile material, 
corrected insofar as possible for loss of 
CO, and bound water 
to 130 mg/l. The 
patible only if the organic 
a highly oxidized state, 


30 per 


organic 
Cost. 


varied 


ranged from 50 
two values are com- 
matter 
or if the echemi- 
cal oxygen demand procedure does not 


all the 


is in 


measure carbonaceous material 
present, 

The ether extractable material ranged 
from 1 to More than one-half 
of this into the 
strong acid group. The remainder was 
neutral compounds. re- 
Table ITT. 

The diffusibility of the dissolved ma- 
terial in the effluents, through a 
permeable membrane, 
insight of the 
constituents. 


material separated 
largely 

sults are shown in 
semi- 
general 
weight of the 
Dissolved organic matter 
f the COD 
nitrogen was di- 


vives a 


molecular 


accounting for 60 per cent o 


and one-third of the 


alyzable. This means that only 40 per 
cent of the COD can be due to organic 
material in secondary effluents com 
posed large molecules like proteins 
or other polymeric substances. The 


protein content estimated on the basis 


IN SECONDARY 


TABLE V.—-Summary of Constituents 


Richmond 


EFFLUENTS 


Source of Sample 


Lovelond Loveland Loveland 


| o. 2 o. 3 


Chicago Hamilton 


of the non-dialyzable nitrogen ranged 
from 2 to 7 mg/l. The results of the 
dialyses are summarized in Table LV. 
Table V_ lists the concentration of 
the chief classes of organic compounds 
actually determined in the effluents 
examined, The clearly 
recognizable as a component of the raw 
sewage which survived treatment. The 
other materials noted could be residues 
of organic material initially in’ the 
metabolic fragments of mate- 
rials partially oxidized, or products of 
the cultures supported by the sewage in 
the treatment plant. Only a limited 
number of samples have been examined. 
Some tendency 
which 


detergent is 


sewave, 


the con- 
partially 


is shown for 


stituents have been 


EFFLUENTS 


20 OR 30% OF ORGANIC 
SOLIDS ARE FILTERABLE 


FILTERED 

HJ ETHER EXTRACTABLE | 
J 


CARBOHYDRATES ANO 
POLYSACCHARIDES 


< 10% OF SOLUBLE ORGANIC 
MATERIAL, 65% STRONG ACIDS 


<10% OF SOLUBLE ORGANICS 


<5% OF SOLUBLE ORGANICS 
(NO SIMPLE SUGARS) 


Sanna TANNINS AND <5% OF SOLUBLE ORGANICS 
LIGNINS 
—— | aes | 10% SOLUBLE ORGANICS 
UNIDENTIFIED | 65% 
FIGURE 1.—Profiles of approximate 


behavior and composition of secondary 
effluents, 


Vol. 33, No. 2 
= = 
Protein® (mg/l 3.9 1.6 1.7 1.8 69 | 7A 5.8 
gh Carbohydrates (mg/l 24 2.0 1.3 1.1 2.2 15 OS 
ABS (mg/1 1.5 2.6 4.4) 7.5 12.5 8.3 
F Ether extractable materia g | 3.3 O8 1.2 3.2 5.2 1.9 3.0 : 
Fannin and lignin (mg | O44 O51 O52 0.95 0.82 1.70 1.40 
‘ Sum of constituents (mg | 14.74 HAl 7.32 14.63 22.62 28.00 19.30 
Ratio constituents to volatiles 0.21 0.05 O14 0.25 0.25 0.25 0.21 
Ratio to volatiles to COD 
corrected for Cl 17 5H 2:3 1,2 1.9 1.4 1.4 
Ratio COD (eorreeted for Cl 
: to constituents 2.7 41.3 3.5 3.3 2.4 3.1 4 
* Non-dialyzable & 6.25 
- 
= 
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| SOLUBLE ORGANICS | 


60% WILL DIALYZE | 


| 40%RESISTS DIALYSIS | 


30 - 50% OF 
TOTAL NITROGEN 


FIGURE 2.—Breakdown of soluble 
organics in secondary effluents. 


identified to be about 20 per cent of 
the volatile solids except at Richmond, 
Ind., where the volatile solids are be- 
lieved to contain inorganic matter. 
From 30 to 40 per cent of the COD is 
accounted for by constituents which 
are at least partially classified except 
for the Richmond, Ind., sample. 

The approximate behavior and com- 
position of secondary effluents are 
shown in Figures 1 and 2. 


Conclusions 


A sufficient number of samples has 
not been examined to make firm con- 
clusions concerning the nature of the 
constituents. However, from the data 
on hand, these studies on secondary ef- 
fluents indicate the following trends: 


1. The suspended solids accounted 
for 20 to 30 per cent of the total COD 
of the effluents. 

2. More than one-half of the ether 
extractable matter falls in the strong 
acid classification. 


3. The majority of the constituents 
giving COD are dialyzable, but about 
40 per cent of the material is indicated 
to be of high molecular weight because 
it resists dialysis. 

4. The ratio of volatiles to COD, ecor- 
rected for chlorides, is approximately 
1.5. 

5. The ratio of constituents identified 
to volatiles is approximately 0.20. 

6. The ratio of COD, corrected for 
chlorides, to constituents identified is 
approximately 3.0. 
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DIFFUSED AIR STRIPPING OF VOLATILE 
WASTE COMPONENTS OF PETRO- 
CHEMICAL WASTES 


The petrochemical industry is some- 
what unique in that it is most properly 
defined by a consideration of its raw 
materials rather than its products. In 
veneral, petrochemicals are considered 
to be those products or components 
which arise primarily from the chemi- 
cal processing of petroleum and natu- 
ral gas hydroearbons 1 (2 Rug- 
2 defined ‘‘basic petro- 
chemical processes ”’ as those which use 


gles has 
previously unreacted hydrocarbons to 
produce new chemicals. Such primary 
reactions may produce some 200 in- 
dustrial produets (3 These in turn 
may form the ‘‘charge stock’’ for proe- 
producing new 


eSSeS thousands of 
chemicals and finished products. 


Wright 3 


sources of waste from such operations 


has Classified 


ssl 


“us: a by product formation, h) 


side reactions (unwanted products), 
and (d) 
Often the 


by-products are marketable commodi- 


c incomplete reactions, 


mechanical loss problems. 


ties and their appearance in the waste 
be directly related to 
the particular 
The amount of unwanted prod- 


stream may 


market conditions in 
locale. 
ucts arising through side reactions is 
subject 1o and 


come of decreasing importance as re- 


control 


may be- 


search in organie synthesis progresses. 


The authors are faculty members of the 
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Incomplete reaction is in general the 
result of impurities in the raw mate- 
rial and the intrinsic equilibrium of 
the particular reactions in question. 
Many times, the 
stream is subject to recycling at some 


resulting process 
The amount of 
practicable recycling is related to the 
cost of raw materials and the amount 
of dilution water available waste 
disposal. Any process is subject to me- 


point in the process. 


for 


chanical loss problems arising through 
human error and equipment failure. 
These are best handled through opera- 
tional control and an employee eduea- 
tional program. 

The many products, side reactions, 
and by-products, coupled with the dy- 
namic nature of the petrochemical 
market, make it impossible to attempt 
a comprehensive classification of com- 
pounds found in waste streams arising 
from the industry. Even a complete 
list of products would be difficult to 
compile and would probably be obsolete 
soon after it was completed, since the 
industry is growing in size and scope 
at a rate which dwarfs that of any 
other chemical industry. When a list 
of intermediates is added to these 
products, the problem of characteriza- 
tion is many times more difficult. In 
addition, the problem of waste charac- 
terization should go beyond a compila- 
tion of ‘* possible’’ sources and kinds of 
waste; it must eventually arrive at 
probabilities and finally at 
characterization of the waste stream 
itself. This would appear to require 
definitive qualitative and quantitative 
analysis for specifie compounds in the 
waste stream. 


precise 


For survey purposes 


| 
| | 
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CONCENTRATION 


(Co-Ct) = 


at any time t 


Concentration removed 
at any time t 


Concentration of strip- 
pable material at t 


7 ; 
Residual concentration at 


the applicability of such definition will 
depend on rapid and simple tests for 
The 
engineering pa 
rameters, COD, BOD, and toxicity may 
serve as useful adjuncts all 


these specific constituents. 


ven- 


erally used sanitary 


but, in 
probability, will not totally suffice. 

Elkin (4) and Garrett (5 
applicable measures. 
The two methods most pertinent to the 
present study are stripping and_ bio- 
logical treatment. 
chemical 


have dis- 


cussed disposal 


Since many petro 


wastes contain volatile com- 


ponents, steam stripping has been used. 

In preliminary biological studies in 
the laboratory, using pure compounds 
believed to be typically found in petro- 
chemical that a 


wastes, it appeared 


significant portion of the organic mat- 
ter was removed simply by 


The 


aeration. 


possibility of simultaneous re- 


FIGURE 1.—Stripping kinetics. 


moval by both stripping and biological 
ineans may have appreciable effect on 
the applicability and the design cri- 
teria for treatment of 
and 


petrochemical 
wastes other wastes containing 
volatile organie compounds by the ae- 
tivated sludge process. In cases where 
such wastes consist primarily of vola- 
tile components, air stripping might 
totally suffice as a treatment method. 
It was proposed, therefore, to investi- 
gate both processes and in particular 
their inter-relationship. 

First consideration has been given 
to the stripping of volatile compounds 
by diffused aeration. Since there is a 
great profusion of possible waste con- 
stituents, it was felt that it would be 
more useful in the initial phases to 
study pure compounds individually in 


order to delineate fundamental factors. 


fe 
. 7 
dct A 
f 
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The compounds selected for study were 
believed to be among the major volatile 
constituents of petrochemical wastes. 
This paper results obtained 
using acetone and butanone (methyl 
ethyl ketone 


reports 


Kinetic Concepts 


A dilute solution of a volatile com- 
pound may be considered to be analo- 
Thus, identi- 
cal kinetic expressions have been used. 
Detailed treatments dealing with such 
found in the litera- 


vous to dissolved gases. 


kinetics may be 


ture (6) and are only summarized 
here. 
The course of degassification or 


stripping is depicted in Figure 1, in 
which the volatile 
compound — is against time. 
(6), the mathe- 
matical expression for this plot may be 


concentration of 
plotted 
Using Haney’s notation 


cviven as: 


dt V 


which states that the rate of change in 


concentration is proportional to the 
concentration of removable volatile 
component remaining at any time ft 


and to the area available for transfer 
A divided by the total volume of fluid 
subjected to stripping V. 
and final concentra- 
tions during any time period ft yields 


Integration 
between initial 


the following expression : 


k’ fA 
log . @) 
Since the interfacial area A is subject 
to change throughout the depth of the 
tank and is, 
difficult to 
erally 


in any event, extremely 
this term is 
included in an 


measure, gen- 


apparent or 


over-all k factor, herein designated ka, 
which may be applied to the study of 
a specific system under constant condi- 
variable 
component, its theoretical significance 
However, 


tions. Since ka contains a 


is lessened. it may serve as 
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a convenient basis for comparing the 
various compounds as to their affinity 
for stripping. Assuming that S, the 
residual value, Equation 2 
may be modified to a simple first order 
equation, 


is small, 


A semi-log plot of concentration re- 
maining against time should then yield 
a straight line plot and the slope ka 
should be characteristic of a specific 
compound under specific experimental 
conditions, 


Experimental Methods 


The analytical procedure used was 
the chemical oxygen demand test, using 
silver sulfate as a catalyst and a reflux 
time of two hours (7). At the start of 
each experiment, a 25-ml sample of 
aeration liquor, consisting of the com- 
pound under study dissolved in dis- 
tilled water, was pipetted into a previ- 
ously prepared COD flask. Additional 
samples were taken at regular inter- 
vals throughout the aeration period. 
All 


sults of multiple experiments. 


results reported are average re- 
In gen- 
eral, factors affecting the proportion- 
ality constant ka were studied. 
Preliminary experiments had shown 
that results obtained using small ex- 
perimental volumes (1.0 to 2.5 1) were 
not sufficiently reproducible. Accord- 
ingly, an aeration unit was constructed 
which permitted the aeration of eight 
liters of liquid. This equipment con- 
sisted of a vertically placed 48-in. high 
Lucite tube having an inside diameter 
of 4 in. The diffuser assembly was 
constructed from a 0.02-in. thick brass 
plate. Air was diffused through 100 
concentrically drilled holes of 0.0140- 
in. diameter. The completed assembly 
was tightly fitted to the bottom of the 
Lucite aeration tube. An aeration vol- 


ume of 8.0 1 yielded a static head of 
38 in. above the diffuser plate. 
Air flow was measured with a lab- 


j 
t . + 
log 7? —kat........(3) 
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3.2 
156 
469ml/min/| 
° 
0 4 8 2 16 20 24 
TIME - HOURS 
FIGURE 2.—Stripping of butanone at various unit air flow rates. 
oratory flow meter. In these studies There appears to be little doubt that 
temperature was not controlled but removal of acetone and butanone by 
was recorded as 25 = 3°C during the diffused air stripping may be grossly 


experimental period. 


described by first-order kinetics. This 
is Shown in Figure 2 for butanone and 


Results in Figure 3 for acetone. These results 


are in agreement with those of Zabban 
Verification o} the Kinetic E rpression 


et al. (8), and Eckenfelder et al. (9 


kat! The first-order function is also in ae- 
= kal 


cord with typical plots shown by Remy 


3.2 


2.8 469mI/min/| 
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24- 
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FIGURE 3.—Stripping of acetone at various unit air flow rates. 
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Ka=Kao + RQa 


Ka ( hours -! ) 


| 


Butanone 


Acetone 


0) 200 


FIGURE 4.—Effect of unit air flow on removal for butanone and acetone 
—arithmetic plot. 


and Lauria (10) for diffused air strip- 
ping of nylon wastes. 
Unit Air Flow 


ka Values at Various 


Rates 


A series of 
ducted using butanone and acetone at 
air flow rates from 40 to 780 ml/min/1. 
Results are graphically depicted in 
Figure 4 which shows a plot of k& (ap- 
parent), ie. ka against unit air flow 
rate. 

Both compounds appear to yield a 


experiments Was con- 


straight-line arithmetic plot for which 
the slope-intercept form may be em- 
ployed to express the relationship be- 
tween variables: 


ka = ka. + RQ,....... (4) 


in which R is the slope of the line or 
rate of change in the removal constant 
ka with respect to unit air flow Q,. 
The intercept on the ka axis ka, repre- 
sents the removal constant to be ex- 
pected, due to mixing alone, in the ab- 
sence of diffused aeration. Values of 
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} TABLE I.— Values of R and ka, from 


Test Conditions 


Compound | Butanone Acetone 


0.000043 


R 0.000065 
| 0.0032 


ka. 0.0055 


ka, and & for these compounds, using 
the apparatus described, are shown in 
Table I. 

Eckenfelder ct al. found that 
the relationship between unit air flow 
rate and ka could be expressed as an 
exponential function : 


ka = 


where C is a constant depending on 
the temperature and the specific com- 
pound tested. The value of n for the 
pure compounds studied was found to 
be in the order of 0.35. Since this 
equation was developed from a log-log 
plot of the data, it was deemed desir- 
able to plot the results of the studies 
herein reported in a like manner. Fig- 
ure 5 is log-log plot of the data which 
were plotted arithmetically in Figure 4. 

Regardless of the method of handling 
the data, the curve of best fit, with the 
exception of the two lower points for 
acetone, is a straight line. From this 
it may be discerned that either expres- 
sion (ka=ka,+ RY, or ka = CQ,") 
can be used to express the relation be- 
tween ka and unit air flow rate Q,. 
The value of n in 
found to be in the order of 0.85, which 
is appreciably higher than the value of 


these studies was 


0.35 previously reported (9). 
Since different experimental 
tion tanks were used it would be 
pected that n values would also be dif- 
ferent. 
compound studied and the tempera- 
ture, would appear to be 
primarily a function of the physical 
aspects of the equipment employed. In 
the linear equation, R is an over-all 
constant whereas ka,, the intercept on 
the ka axis, is a function of the physi- 


aera 
exX- 


C is a function of the specific 


whereas 
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the and 


the temperature, since with zero (, the 


cal characteristics of system 
stripping rate constant ka is dependent 
on the interfacial 
transfer. Under these conditions the 
interfacial area, at any given cireula 
tion rate, is dependent on the cross 
section of the tank and its depth. 


area available for 


Experimental Determination of ka, 


Extrapolation of the acetone line 
shown in Figure 4 indicated a ka, of 
0.0032. Replicate studies were under- 
taken to determine if this value could 
be experimentally reproduced. 

In these experiments, the acetone- 
distilled water system was recirculated 
top to bottom through a_ pulsating 
There the 
surface of the liquid; the pump merely 
provided continuous mixing. Values 
of ka, are shown in Table II. 


pump. were no breaks in 


The average value checks fairly well 
with that obtained by extrapolation. 
Ilowever, the 
curately depict ka, at the temperatures 
prevailing during experiments 
which the extrapolated ka, was deter- 
mined. Slightly lower values would 
be expected since the mixing accom 


lower values more ac- 


from 


plished by pumping was not as rapid 
as that attained 
experiment. In general, the data pro- 
vides an acceptable check with the pre- 
dicted values. 


during an aeration 


ka Against Concentration 


If first-order kinetics can be used to 
adequately characterize the stripability 
of a volatile compound, the’ propor- 
tionality factor ka must remain con- 


TABLE II. Experimental Values of ka 
| } 

| _ | Depth | kao | 
ment | (mg/l) in.) | (hr=) 

l 1,060 | 38 0.00386 

2 1,000 | 38 | 0.00281 

3 1,070 38 0.00359 0.00313 

4 1,100 38 0.00267 

5 1,080 38 0.0027 | 


» 
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stant. Since this factor was to be a 
prime parameter in these studies, an 
experiment was undertaken to deter- 
mine its constancy with varying initial 
concentrations of a volatile compound. 
These experiments were conducted in 
a Lucite column under a statie head of 
4 ft at a unit air flow rate of 1,200 ml/ 
min,l and a temperature of 25°C. Re- 
sults are shown in Table III. 

It is seen that regardless of concen- 
tration, ha remains fairly constant as 
would be expected if first-order kineties 
apply to the system. 


Effect of Added Inorganic Salts 


Since normal wastes may contain a 
substantial salt concentration, experi- 
ments were undertaken to determine 
Whether the inorganic salts necessary 
for biological treatment would appre- 
clably affect the physical stripping 


PETROCHEMICAL 


WASTES 


TABLE III.—-Values of ka at 
Various Concentrations 


Initial COD ka 
(mg/l) (hr~) 
2,000 0.049 
1,500 0.052 
1,000 0.053 

500 0.047 
250 0.054 


process. Accordingly, a typical salts 
medium was made up, consisting of 
sodium chloride, ferric chloride, am- 
monium sulfate, and mono- and dibasic 
potassium phosphate. The total solids 
from these added salts plus 10.0 ml 1 of 
tap water which was added for trace 
elements amounted to a total salts con- 
centration of 312 mg 1. Results for 
butanone are shown in Figure 6. It 
was concluded from these results that 
inorganic constituents normally re- 
quired for biological treatment, present 


040 
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Ka ( hours ~') 


Acetone 


UNIT AIR FLOW RATE, Qa,mi/min/| 


400 


FIGURE 5.—Effect of unit air flow rate on removal for butanone and 


acetone—log-log plot. 
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FIGURE 6.—Effect of inorganic salts on the stripping of butanone. 


would 
have no appreciable effect on the strip- 
ability of the volatile component 


in non-excessive concentration, 


Summary and Conclusions 


Some of the basic considerations re- 


quiring experimental proof for use in 
studying the stripping of volatile waste 
components have been presented. It 
was felt necessary to verify the use of 
the over-all k factor ka since it repre- 
useful 
parameter for comparing stripability 


sents a convenient and basic 
of various waste components. 

It was found that an over-all trans- 
fer coefficient ka can be used. The re- 
moval effected in the stripping treat- 
ment did indeed follow 
netics; as would be expected, if such 


first-order ki- 


kineties deseribe removal, ka remains 


constant for specific experimental con- 


ditions regardless of concentration. 
For the compound tested, the normal 
inorganic salt concentrations required 
for optimum biological activity have 
little or no effect on the stripping rate. 
For the unit air flow 
these studies, ka varies linearly with 
unit air flow rate according to the ex- 


ka = ka, + RQ,. The 


rates used in 


pression log- 


arithmic equation ka 
Kekenfelder et al. (9 
to express the experimental results. 


CQ," given by 


also may be used 
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HYDROGEN SULFIDE IN SLUDGE GAS 


Clarence R. Henry 


The design of Miami’s Virginia Key 
Sewage treatment plant provided for 
the use of sludge gas as engine fuel. 
The actual was held 
up because it contained too much hy- 
drogen sulfide. 

Hydrogen 
acid when it and the 
manufacturer’s guarantee specifies 
that not more than 60 gr/100 eu ft of 
Ii,8 be present in any gas used in the 
engines. 


use of such gas 


sulfurie 


engine 


sulfide forms 


burns, 


Source of Hydrogen Sulfide 


Hydrogen sulfide is produced when 
various sulfur-containing compounds 
are degraded by bacteria living in the 
absence of air. The first production 
of this gas is caused by the action of 
a mixed population on or- 
ganic compounds, 
der much 


by the action of one organism, De- 


bacterial 
This is followed un- 
more anaerobic conditions 
sulfovibrio desulfuricans, on inorganie 
sulfates (1) (2)(3) (4) (5 The main 
source of sulfates in Miami is the salt 
water which finds its the 
collection system. Organic sources are 
believed to be small and are probably 
broken down by the time that the sew- 
age reaches the plant. Moreover, De- 
sulfovibrio also can reduce sulfite and 
free sulfur to H.S. 

The hydrogen sulfide found in sew- 
age is formed in the slime coating of 
the collection system or in any mass 
of settled which suffi 
ciently anaerobic. Recommended pre 
ventive measures including 
and flushing of the lines and chemical 
treatment, L.e., 


way into 


solids becomes 
cleaning 


chlorination to oxidize 


Clarence Henry is Re 


partment of Water and Sewers 


Chemist, De 
Viami, Fla. 


search 


the sulfide, kill the bacteria, and raise 
the oxdiation-reduction potential to a 
level where sulfate 
take place. An 
measure is to 


reduction will not 
obvious but difficult 
the infiltration 
material, or to ex- 
pand the collection system into sulfate 


reduce 
of sulfate-bearing 


free areas. 

The hydrogen sulfide found in di- 
gester gases may be carry-over from 
prior treatment 


be formed in 


processes, or it may 


the digester, or it may 


come from some point in between. 


Sulfate Survey 


The reduction of sulfates is fairly 
easy to detect, particularly in thick 
sludge. Samples of both concentrated 
and digested 
through cheesecloth 
tested for sulfate. 


1. Most of the sulfate 
takes place before the 
the digesters. 

2. Most of the reduction takes place 
within the sludge. The 
amount of sulfate is low in the liquid 


sludge were squeezed 
the liquid 


The results showed: 


and 


reduction 


sludge enters 


mass of 


portion squeezed from the sludge and 
high in the liquid from which the 
sludge originally settled. 


Sulfide Survey 


Qualitative tests were made by first 
acidifying samples of raw sewage, con- 
centrated sludges, and the solids sepa- 
rated Then the in 
tensity of the lead sulfide stains made 
on filter the heated 
flasks containing the samples were com 
These that 
sulfide the 
within the sludge 


from thin sludge. 


paper covering 


pared. tests also showed 
the 
mass of sludge, i.e 


particle. 


Was concentrated in 


136 


4 
— 
: 
: 
“4 
: 
‘| 
| 
| 
=| 
“| 


These qualitative determinations 
followed by quantitative tests. 
Sulfide evolved from a heated, acidified 
sample was swept into zine acetate by 
a stream of carbon dioxide. The re- 
sults shown in Table | are calculated 
on the basis of the weight of suspended 
present the 
These results showed : 


were 


solids for reasons given 


above. 


1. Sulfide is concentrated within the 
sludge particle. 

2. Most of the sulfide is formed be- 
fore the sludge leaves the concentrator. 

3. The amount of sulfide is quite 
high, about 0.5 per cent of the solids 
present. It is about as high in the 
raw sewage as it ever gets to be in 
the digesters. 


Generally, it seems that the raw 
sewage may contain from 300 to 500 
mg of sulfide per 100 g of suspended 
solids. Chlorine will reduee the 


amount of sulfide both by oxidizing 
it and by decreasing further bacterial 
action. Aeration 
about 100 
and thickening 


reduces the level to 
100 After settling 
the sludge mass, bac- 


me 


terial activity starts again and sulfide 
levels $00 to 500 me/100 2 
Sulfide levels in the 
digester are seen to go as 


high as 700 mg/100 ¢@ of SS. 


rise to 
before digestion. 
secondary 


Calculations show that only por- 
tion of the sulfide in the sludge is 
found in the digester gas which means 
that the estimates of total hydrogen 
sulfide evolution based on the sulfides 
and the 
would be high. Changes in the amount 


sulfates goine to digester 
of hydrogen sulfide in the gas may 
mech- 
working within the digester. 


be due to some sort of release 
anism 

Inasmuch as sulfide is concentrated 
within the could be 


concluded that something has to make 


sludge mass, it 


its escape possible. The hydrogen sul- 
fide would have to be crowded out, so 
Some of the 
be attributed to the amount of mixing 
of the tank rate of 
gas production, both acting to serub 


to speak. release could 


contents and the 
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TABLE I.—Total Sulfides by Evolution 


(mg/100 g of SS) 


| | 


Sludge 


| | 
Raw | Pri- | Second- 
| mary | ary 
315 | 210 140 35 | 580 | 550 
520 200 210 $15 | 655 520 
$50 110 210 6440 700 
170 155 140 510 620 
135 | 440 600 570 
270 150 535 620 
140 510 575 570 
IS85 770 | 465 610 
200 {85 450 - 
115 390 
405 


out the hydrogen sulfide. The release 
would also be affected by pH. At pH 
5.0, 98 per cent of all dissolved sulfide 
is in the form of hydrogen sulfide gas. 
This is reduced to 24 per cent at pli 
7.2, and is about halved for each 0.2 
pH unit increase from there on. 


Hydrogen Sulfide from Free Sulfur 


None of the above explains the hy- 
drogen sulfide picture completely, and 
especially beclouding is the fate of 
free sulfur. 

The amount of free sulfur was esti- 
mated from the difference in sulfate 
found in a direct run and in samples 
pretreated with excess bromine, which 
will oxidize free sulfur to sulfate. 
Data in Table Il indicate there is 
about as much free sulfur in the sludge 
mass as there is sulfide. 

Kine particles of free sulfur are re- 
duced to sulfide by digesting sludges. 
The response is fairly rapid, within 
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one to three days, and the high hydro- 
gen sulfide production continues for 
over a week. Levels as high as 1,800 
gr/100 cu ft were reached by adding 
6 g of flowers of sulfur to a 7-1 test 
eell in 2-g additions on 3 diiferent 
days. During this time the control 
cell generated almost no hydrogen sul- 
fide. 

The concentration of free sulfur 
listed in Table IL is entirely possible. 
For instance, sulfide is not 
removed by aeration. At a pH of 
7.1 to 7.6, only 10 to 30 per cent of 
the total dissolved sulfide is in a form 
that can be swept out of 
aeration, even if complete removal by 
this method were possible. Certainly 
the remainder is subject to oxidation 
to free sulfur. It is likely, of course, 
that some is removed with the final 
effluent, but a great deal of it never 
gets away from the sludge particle. 
After aeration, the whole process of 
sulfide generation can start again, this 
time with a concealed loading of free 
sulfur. 

Additional laboratory work showed 
that most of the sulfide removal hap- 
pens in the first hour of aeration. 
Total sulfur was decreased to 200 to 
300 mg/100 @& of suspended solids by 
high aeration rates and to 400 by lower 
ones. The laboratory aeration of a 1- 
1 portion in a 2-1 beaker was much 
more vigorous than the 
sewage in the plant. 


entirely 


solution by 


aeration of 


TABLE II.—-Sulfide and Sulfur 
(mg/100 g of SS 


Source Sulfide, S$ 
Raw sewage 160 
Concentrated sludge 610 
510 
550 

Digesting sludge 

Primary 570 
610 
680 
experimental 795 
QOD 


Secondary 
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Ileavy chlorine dosages applied 
weekly at the pumping stations did not 


lower the amount of total sulfur. 


Hydrogen Sulfide in Digester Gases 


A long-time plotting of the chloride 
content, daily flow of raw sewage, pli 
of digesting sludge, and carbon dioxide 
and hydrogen sulfide in the gases pro- 
dueed by the digesters show in a gen- 
eral way that: 


1. The hydrogen sulfide concentra- 
tion follows the chloride values ecaleu- 
lated from the rate than 
the values obtained from plant sam- 
ples. The amount of hydrogen sulfide 
in the digester gases depends on the 


flow closer 


amount of sulfate in the sewage. 

the carbon dioxide 
content of the gases or pHI of the di- 
contents do not what is 
going on in the way of hydrogen sul- 
fide production. 


2. Changes in 


cester show 


4. Response to rapid changes in raw- 
sewage chlorides was not good. Longe- 
term levels agreed quite well. 

4. Hich-rate operation 
seems to lower the hydrogen sulfide 
concentration. 


digester 


Not only does the hydrogen sulfide 


in the gases from the two primary 
digesters often differ by 50 to 100 ovr 
100 eu ft, but in two hours the amount 


in either may change. Higher sludge 
feeding rates and solids loading influ- 
ence gas production and the amount 
of hydrogen sulfide. Shock loadings 
of sludge should give faster gas pro- 
duction and a sort of serubbing-out 
action. Large areas of low pH should 
make for a larger proportion of free 
hydrogen sulfide gas which would sup- 
port the thought that the changes in 
hydrogen sulfide concentration in the 
from a mechanism 
working within the digester. 

This thought was so attractive that 
a try was made to demonstrate the re- 
lease phenomenon through digester op- 
eration in the plant. Unfortunately, 
little agreement was found for either 


vas come release 


vif 
‘ 
: 
? 
ae 
3 
Sulfur, 
273 
676 
560 
GSO 
520 
es) 
630 
536 
0) 
} 
4 


prs 


Vol. 33, No. 2 GAS SCRUBBING 139 


long-term or daily response where 
hydrogen sulfide concentrations varied 
between 100 and 200 gr/100 eu ft. 
However, agreement simply could have 
escaped the search. 

Better proof of HeS release came 
from an experimental digester. In 
this instance, sludge was concentrated 
in rinsed ferric chloride drums for 
direct feed to two laboratory units. 
Onee the digesters had been fed, the 
hydrogen sulfide concentration fell to 
zero. Some weeks later, the sludge 
was tested after one cell had started 
making a little hydrogen sulfide. The 
results are shown in Table III. 

It can be seen that the amount of 
sulfide in the sludge in a digester is 
not a measure of the hydrogen sulfide 
in the digester gases. The sulfide may 
be tied, as in this case, with iron. The 
iron content, of course, is not an exact 
figure. Any small bit of rust would 
have shown up too. 


Gas Scrubbing 


One way to meet the hydrogen sul- 
fide problem is to scrub it out of the 
digester gas. At Miami a full-sized 
gas scrubber is now in operation. It 
is based on experimental work done on 
a trial scrubber under the direction of 
the manufacturer’s consultant. The 
scrubber utilizes plant effluent only, 
with no chemical additions to either 
the scrubbing liquid or the digester 
gases. 

There was a loss of 6.5 to 8.0 efm 
of gas through the trial scrubber, or 
from about 25 to 35 per cent for a 
25-cfm input. The lost gas was found 
to be largely carbon dioxide which was 
dissolved in the used serubbing liquid. 
This loss enriches the gas and is a 
good thing. 


Treatment of Gas Before Scrubbing 


Chlorine gas added to the digester 
vases before scrubbing increases the 
scrubber capacity very much. Mixing 
should be thorough, but contaet time 
ean be very short. Enough spray of 


TABLE III.--Sulfide in Experimental 


Digesters 
! 
HS in | Total 
: Iron as Sulfides | ¢ 

No gr/100 (mg/l) g 88) 

cu ft) g 55) 

l None 2,160 795 4,600 

2 S00 5,320 


liquid at the outlet or within the 
scrubber, or both, is needed to remove 
any excess chlorine and the hydro- 
chloric acid formed. 

Several trials were made using sul- 
fur dioxide and oxygen; both chemi- 
cals were without effect. 

The use of ozone is quite out of the 
question. Too little is made by passing 
air through an ozone machine to make 
the additional trouble worthwhile. 
The digester gases would be mixed 
with so much air that they would 
hardly constitute a fuel. Moreover, an 
explosive mixture probably would be 
formed. 


Addition of Chlorine Gas 


Chlorine may be added in any way 
that will result in its intimate mixing 
with the digester gases before scrub- 
bing. No difference was found be- 
tween addition 160 ft ahead of the 
scrubber or immediately ahead of it 
through two 45-deg and two 90-deg 
turns in a 3-in. pipe. 

Very little serubbing liquid is 
needed to remove the sulfur ecom- 
pounds, sulfur, or excess chlorine and 
the hydrochloric acid formed. The 
scrubbing liquid flow was reduced from 
300 gpm to 23 gpm by the use of chlo- 
rine in the trial serubber, and the 
capacity or rate of scrubbing was 
greatly increased. The total scrubber 
flow for several trials consisted of an 
18-gpm exit spray following a 5-gpm 
spray from garden-hose nozzles located 
within the serubber itself. This small 
flow takes away any real ceiling on 
throughput capacity. Moreover, the 
use of large volumes of plant effluent 
may cause a lot of frothing and carry- 
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TABLE IV.—Scrubbing* of Digester Gas 


(gr,/100 cu ft 

Scrubber iq Carryover as 

Pressure Spre Acid or 
psi) Frothing 


Gas Input Chlorine 
(efm) lb/hr) 
Before After 


210 80 Frothing 
210 
210 
210 
170 
170 
170 
140 
140 
140 
140 
140 
135 


135 
* Trial model gas scrubber: 3-ft diam, 6-ft long, horizontal. Serubbing liquid: plant effluent. 


over. The smaller volumes required sible production of byproduct sulfur 

after chlorine treatment not only do and hydrochloric acid. 

not cause that trouble, but constitute 

a method for reducing it. No evidence References 

could be found of any acid carry-over 

in the gas mixture after scrubbing. ‘‘The Effect of Chlorinated Hydro 

Typical results are shown in Table LV. carbons on Hydrogen Sulfide Produce 
With chlorine addition, scrubbers tion.’? Sewage Works Jour., 21, 3, 

57 (M: 944 

may be made smaller, simpler, and a : 

light AY | | | { Breed, R. Murray, G. D.. and 
g er. ma} ye almos Hitchens, A. P.. ‘< Bergey ’s Manual 

entirely of fiberglas and plastic. of Determinative Bacteriology.’’ 6th 
The trials were made without re- Ed., p. 207, Williams and Wilkins, 

circulation of serubbing liquid. In Baltimore, Md. (1948 

this operation, at relatively high pH, ° Frobisher, M., ‘Fundamentals of Micro 

biology.’’ 4th Ed., Ch. 25. W. B. 
Re 2 woe Saunders Co., Philadelphia, Pa. (1950). 

lb/hr for 100 cfm of a mput con- . Butlin, K. R., and Postgate, J. R., ‘‘ Miero 

taining 100 gr/100 cu ft of hydrogen biological Formation of Sulfide Pro 

sulfide. The chlorine demand depends duction from Sewage.’’ Proce. Inst. 

on the amount of hydrogen sulfide. Superiore di Sanita (Rome 4 p. 126 

1954); abs., Sewage and ndustrial 

‘ ‘ » &) 

This amounts to about a 1: 2.5 mol Wastes, 26. 12. 1512 (Dec. 1954 

ratio, midway between complete OXI- 5 Heukelekian, H., ‘‘Some Bacteriological 

dation to sulfate and partial oxidation Aspects of Hydrogen Sulfide Produe 

to free sulfur. At low pHl’s, the reac tion from Sewage.’? Sewage Works 

tion goes to free sulfur only (6). This Jour., 20, 3, 490 (May 1948). 

last reaction can be achieved by _ re- Black, A. P., and ¢ ison, J. By Phe 
i lati I bbi li id { Oxidation of Sulfides by Chlorine in 

eircu ating the serubbinge liqui oO Dilute Aqueous Solutions.’ 

maintain a low pIl and would result Amer. Water Works Assn., 44, 4, 309 

in lower chlorine costs as well as pos (1952 
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TEMPERATURE AND FEED AS VARIABLES 
IN ACTIVATED SLUDGE PERFORMANCE 


Much work has been done on the ef- 
fects of temperature and feed composi- 
tion on the operating characteristies of 
activated waste It 


sludge treatment. 


has been variously shown that: 
1. Over-all 


are independent of temperature. 


process characteristies 
Process efficiency is relatively in- 
dependent of temperature but the frae- 
tional division of purification between 
oxidative destruction and physical re- 
moval varies. 


‘ 
] rocess 


effi- 


and 
ciency are temperature-dependent. 


characteristics 


Frequently a given investigator can 
be cited in support of 
three of the above positions. 


two or even 


Interrelationship of design factors 
and the physical and chemical charae- 
teristics of the load likewise are ill-de- 
fined. One pound of BOD frequently 
is regarded as an absolute entity, vet 
conventionally-operated plants are var- 
iously designed for 2- to 24-hr aeration 
Two 
plants having similar physical facilities 
and influent oxygen demand may be 
quite different in effluent quality, elari- 
fication, and other operating character- 
Part of the difference is due to 
to treatment of the 
average pound of input BOD which, in 
turn, determined its physical, 
chemical, and biological characteristics. 


periods for similar BOD input. 


ISTICS, 


the amenabilits 


is by 


At the 
authors were 
{. Taft Sanitary 
Public Health Cincinnati, Ohio. 
However, R. B. Schaffer i connected 
u ith Dou Che mical Compan u. Vidland, Mich. 

The paper was presented at the 137th Meet 
ing of the American Chemical Society, Cleve- 
land Ohio, Apr. 5—14, 


this 
staft 


time 


all 


the 
Robert 
U. 


papel was prepared 

members of the 
Engineering Center, 

Service, 


now 


1960. 


F. J. Ludzack, R. B. Schaffer, and M. B. Ettinger 


It may or may not be readily available 
for biological treatment. 
observed, 


It has been 
for instance, that soluble 
BOD is more difficult to process than 
a mixture ineluding soluble, colloidal, 
and suspended materials having the 
same oxygen demand. 
ports the variations in bio- 
logical treatability of different chemi- 


cal feeds. 


Numerous re- 


consider 


This report is an effort to provide 
additional data to clarify certain ef- 
fects of temperature and feed composi- 
tion on activated sludge performance. 
Coneurrently, some of the earlier work 
been re-examined to ascertain 
whether differences in opinion were 
real the result of diffi- 
culties. 


has 


or semantic 


Review 
“Solids production’’ is term 
causing semantic difficulties. For ae- 
tivated sludge, this, generally but not 
universally, refers to the net difference 
in the mass of solids formed by anabo- 
lism and that destroyed by catabolism. 
Anabolism is subject to wide rate vari- 
ations depending on such factors as 
food supply and population suitability. 
Catabolism a relatively low rate 
process that occurs simultaneously ; it 
may be an insignificant, fraction of 
total respiration at high loading or a 
major fraction of the whole at low 
loading. 


one 


IS 


The term sometimes is used 
loosely with respect to anabolism only. 
Placak and Ruchhoft (1), apparently 
considering anabolism primarily, re- 
ported that, ‘‘Equivalent amounts of 
dextrin utilized, of time, 
should produce the same amount of 
sludge solids.’’ Different feeds were 


regardless 


ii 
° 
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reported to vary in solids production. 
Helmers et al. (2) carried this further 
with data showing that solids produe- 
tion varied with BOD removal and was 
relatively independent of temperature. 
Supplementary data by these and other 
workers show that extended time and 
higher temperatures lead to a greater 
proportion of catabolism and 
solids gain per unit weight of feed. 
Sludge growth, therefore, exceeds sol- 
ids gain by the amount of catabolized 
solids. 

Many reports on activated sludge 
operation show that solids acecumula- 
tion depends on the net difference be- 
tween growth and decay. A large in- 
crease in when growth 
predominates at high loading; a net 
may 
comes significant at low loading. 
man (3) 
demand, 


lower 


solids oceurs 


decrease occur when decay be- 
Wuhr 
reported that influent oxygen 
sludge volatile per- 
centage, and sludge age are paramount 
in estimating unit solids gain. High 
circulating solids were reported to de- 
the volatile percentage 
at a given loading, and solids gain de- 
creased concurrently (4 High 
load high growth 
rates, whereas sludge destruction 
more evident at low loading, 
to Okun (6). 
plied load and unit solids were con- 
sidered fundamental For 
example, Ruchhoft ef al. (9) found 
that at similar feed volume and deten- 
tion time, one unit with an influent 
oxygen demand of 1,140 mg ‘1 in 2,600 
mg/l of mixed liquor solids resulted in 
oxygen utilization equivalent to 58 per 
cent of the influent demand; 
unit with an influent 
mg/l in 3,500 mg/l of mixed liquor 
solids used oxygen equivalent to 480 
per cent of the influent demand. The 
relative significance of catabolism in 


solids 


crease sludge 


ratios resulted in 
Was 
according 
Relations between ap- 


7) (8) (9 


another 
of 32 


demand 


the two units is quite different 

Dye (10) expressed Coton objec 
‘“the 
leave a high 


McKinney (11) 


biological treatment, 
must settle 


quality supernatant.’’ 


tive in 


sludge and 
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studied the factors controlling floeeula- 
tion which, in turn, govern sedimenta- 
tion. He found that well-fed, rapidly 
growing organisms tended to result in 
dispersed growth. Floe-forming tend- 
encies appeared only when available 
food limited and 
came a significant fraction of 
respiration. Conventional 


catabolism be- 
total 
activated 
floe 
culation, therefore relatively low load 


Was 


sludge operation requires good 


ratios are employed. 


Laboratory data 
frequently have been based on short 
time intervals at high load ratios which 
decrease their value for estimating per- 


formance of full-scale, continuous op- 
eration. Since the effects of an over- 
load may not be apparent in BOD re- 
moval for some time, such test results 
may be misleading. Laboratory studies 
commonly report from 0.5 to 0.8 g of 
new solids per gram of oxygen demand 
removed; conventional plant operators 
rarely encounter a solids gain of this 
magnitude. 

(12) studied batch 
tion performance of activated sludge 
at different and 
Many interesting relations were found 
and BOD re- 
nitrification. 
Semantie difficulties somewhat confused 
‘yrowth”’ 
tions more nearly considered 
accumulation. 
reported rapid 
Okun (6 
temperature on 


Sawyer opera- 


temperatures solids. 


between temperature 
moval, solids gain, and 
rela- 
**solids 
Sawyer et al. (13) 
temperature adjust- 
found little effect of 
BOD removal within 
a range of 8 to 35°C. Porges et al. 


(14) that 


moval was affected much less than oxy- 


the discussion as the 


ment. 


found oxygen demand _ re- 
gen utilization by a temperature de- 
from 30 to 2°C, (15) 


observed that a given type of organ- 


crease Cairns 


ism usually had a definite tempera- 


ture range at which optimum growth 
occurred. A change in temperature 
could, therefore, affect the competitive 
position of a species and their relative 
distribution in a population. A change 


in population or in percentage oxida- 


7 
‘ 
oy 
| 
a 
3 
: 
4 
| 
= 


tion would suggest that temperature 
had a definite effect on performance. 
Maximum purification studies by 
(Giarrett and Sawyer (16) found that 
cell mass accumulated at 0.08 g@/hr at 
10°C, 0.18 gy hr at 20°C, and 0.26 ¢/hr 
at 30°C; 3.6, 11.6, and 20.8 g of oxygen 
demand per gram of 
initial circulating solids, respectively. 
BOD 


were removed 


removal per gram of volatile 
solids accumulated was 1.9 g at 10°, 
2.3 g at 20°, and 2.6 ¢ at 30°C. 


Growth and removal rates approxi- 
mately doubled for each 10°C test in- 
terval rise but more food was required 
to gain one gram of solids at higher 
Thus, even at the high 
load ratios tested, increased catabolism 
at higher temperatures was evident. 
Preceding material illustrates that 
major variables in activated sludge 
performance include load ratio, tem- 
perature, type of food, and microbio- 
The following in- 
re-examines part of the 
earlier work under operating condi- 


temperatures. 


logical response. 


vestigation 


tions that more nearly simulate those 
in conventional plants. 


Unit Operation and Loading 


Continuous activated sludge bench 
units of 5.5-1 capacity were used for 
testing. This unit designed to 
minimize the inherent differences  be- 
tween bench- and full-scale operation 
17 

Units were operated at 5 and 30°C 
with the same applied load, volume, 
and concentration. Initial load ratios 
were based on the conventional operat- 
approximately 0.4 ¢ of 
daily influent BOD per gram of unit 
volatile solids. Subsequent load ratios 
rarely were identical at both tempera- 
tures because solids accumulation and 
effluent solids were different at 5 and 


Was 


ing range, 1.¢e., 


30°C, Unit volatile solids were checked 
at weekly intervals. The excess, if 
any, was removed and reported as 


erams of volatile solids per gram of in- 
fluent BOD. Unit gen- 
erally were not corrected by additions. 


solids losses 


ACTIVATED SLUDGE 


143 


different feeds tested : 
(a) slurried dog food meal; (b) dex- 
trose and gelatin; (c) dog food meal, 
dextrose, and gelatin; and (d) phenol. 
All were fed in weak, settled sewage to 
provide supplementary nutrients. Each 
feed represented readily metabolized 
material; feed a contained a high pro- 
portion of suspended matter; feeds b 
and d were soluble; and feed ¢ was 
intermediate in suspended material. 
supplemental nitrogen and phosphorus. 

Mixed liquor volatile solids in the 
unit for feeds a, b, and ¢ initially were 
adjusted to 6.0 ¢ or 1,100 mg/l. In- 
fluent BOD for the three units ranged 
from 420 to 450 mg/l with 19.6, 21.0, 
and 20.9 ¢ of influent BOD added per 
week, respectively. Dosage was higher 
for feed d (750 mg/1 of influent BOD) 
with 33.7 g of influent BOD added per 
week. Higher dosage was compensated 
by higher unit solids to obtain a simi- 
lar initial load ratio. Approximately 
9 per cent of the mixed liquor was re- 
moved per week for analytical pur- 
hence unit could 
occur from analytical removal unless 
the gain exceeded 9 per cent. Solids 
gain included that removed for analy- 
sis; thus an increased load ratio was 
the principal effect of analytical re- 
moval. Relatively little change oc- 
curred in weekly BOD input because 
most of the feed consisted of fixed ad- 
ditions. Variation in sewage strength 
contributed to less than = 5-per cent 
variation in total load. Units were fed 
on a 5-day basis; hence some recovery 
from the high daily loading occurred 
on week-ends. No recirculation of ef- 
fluent was employed. 

Sewage BOD was obtained as a 5- 
day, 20°C test result. Phenol and dex- 
trose oxygen demand was calculated on 
a theoretical basis, ie., 2.2 and 1.07 ¢ 
of oxygen demand per gram of added 
substance. Gelatin and dog food oxy- 
gen demand was obtained by multiply- 
ing the grams of volatile material 
added by a factor of 1.2. The various 
methods were used primarily to de- 


Four 


were 


poses, solids losses 


: 
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influent BOD de- 
terminations and to avoid the influence 
of seed acclimation. 

Each test run included an aceclima 
tion period for the particular feed and 
load for 
changes. 


crease the number of 


observation of performance 

Following attainment of 
characteristic performance, a 
ous run of 4 to 
tabulation of 
tion periods were 


continu- 
5) weeks was used for 
Aerator deten- 
maintained at ap- 
proximately 12 hr because of the 
feed BOD. 
changed after a run was started: 


results. 


high 
Applied loads were not 


hence 
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changes in the load ratio during a run 
reflected changes in unit volatile solids. 


Analytical Methods 
COD and BOD 


pended solids 1s 
effluent. 
acteristies 


removals and sus- 


were obtained on 


each Visual operating char- 


were noted daily. Sludge 


characteristics, determined once weekly, 


included sludge density index, sludge 
solids concentration, and per cent vola- 
tility (18). The 


of volatile 


nitrogen percentage 
deter- 


populations 


solids also 


M icrobiolog ical 


Was 
mined. 


FIGURE 1.—Sludge floc characteristics at 5°C. 


4 
4 
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FIGURE 2.—Sludge floc characteristics at 30°C. 


were checked weekly for protozoa and 
other organisms that could be classified 
by direct microscopic observation (19). 
Other 
specific information such as nitrogen 


analyses were performed for 


conversion and phenol removal. 


Data Presentation 


Tabulated data include feed, solids, 
and removal information with asso- 
ciated values reported in the text. Re- 
sults are mean weekly values if one 
item is presented ; ranges when two are 
included. Acclimation data are omitted 


to emphasize characteristic test be- 
havior with a given feed and operating 
femperature. 

Unit volatile solids gain or loss are 
reported as grams per gram of influent 
oxygen demand. Effluent solids losses 
are similarly reported as grams per 
gram of influent oxygen demand. BOD 
and COD percentage removal are given 
for comparative purposes. This pres- 
entation provides estimates for unit 
solids formation, retention, and de- 
struction in process for a given feed 
and temperature. For example, high 
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BOD and COD removals with a small 
gain in unit solids and little loss in the 
effluent show high assimilation, oxida- 
tion, and catabolism. 

Effluent volatile percentage 
Was assumed to be equivalent to the 
sludge volatile percentage. Any error 
introduced by this assumption would 
have to be large to materially change 
the data. The percentage volatile for 
each sludge is given as a mean value 
with each table. 
of a definite trend upward or 
ward following the adjustment period 
except with respect to the silt content 
of the sewage, as noted later. 


solids 


There was no evidence 


down- 


Performance on Dog Food Meal 


Preliminary adjustment of the sludge 


to dog food meal (feed a) was rapid 


FIGURE 3.—Mixed liquor 


JOURNAL WPCF 


February 1961 


at 30° but about two weeks were re 
quired at 5° for the sludge to approach 
population equilibrium. The 
sludge was maintained at 22 to 25°C; 
hence the change to 30 
quired temperature 
than that for 5 
Figure 1 illustrates the nature of the 
floc and its population after four weeks 
at o°C. Figure 2 illustrates the 30 
floe showing different physical and 
microbial characteristics. Direct ob 
servation showed more than the photo- 
micrographs. The two sludges differed 
both in motility and variety, as dis- 
later. In the 5° floe 
was diffuse as contrasted with the rela- 
floc. 
and 5 show gross char- 
the 


stock 


operation re 
less adjustment 


operation. 


cussed veneral 


tively dense 30 
Kigures 3, 4, 
acteristies of mixed 


liquor pro- 


after mixing (30 and 5°C). 


; 

= 
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FIGURE 4.—Mixed liquor after mixing, settled for five minutes 
(30 and 5°C). 


duced on the same feed at 5 and 30°C, 
Figure 3 represents the sample shortly 
after mixing. The darker color of the 
30° mixed liquor is obvious. Figure 4 
represents appearance after five min- 
utes sedimentation; it shows that the 
30° mixed liquor flocculated much bet- 
ter. After 30 minutes 
both showed effeetive sedimentation, 
but the 5° test sample exhibited greater 
sludge volume and supernatant solids. 

Table I results of five 
weeks’ following the two 

period. The load 
sludge were substan- 


(Figure 5), 


shows the 
operation 
week acclimation 
ratios of the 5° 

tially lower because volatile solids ae- 
cumulation was greater. At 5°, from 
0.3 to 0.5 g of volatile solids appeared 
per gram of influent BOD as compared 
with 0.04 to 0.14 g of volatile solids per 


gram of influent BOD at 30 BOD 
and COD removals were lower at 5 
with approximately 10 per cent differ- 
ence attributed to the difference in op- 
erating temperatures. Effluent 
pended material was higher at 5°, par- 
ticularly during the sixth and seventh 
weeks as Sphaerotilus growth reached 
a dominant level. 
not detected at 30 


Sphaerotilus was 


Performance on Dextrose and 
Gelatin 


The same sludges were used to check 
the performance of a soluble substrate 
(feed b) as shown in Table II. Dur- 
ing the three-week preliminary run 
used for this test there was an early 
loss of sludge solids followed by par- 
tial recovery during the third week. 
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Solids failed to 
hence both units operated at high load 
ratios during the tabulated run after 
they were started at a load 
0.4/1.0. 

The 80° sludge performed satisfac 
torily in spite of the high load ratio 
with very low solids gain per gram of 
influent BOD. Percentage removal 
was good throughout the test period. 
The 5 


ance, 


recovery continue ; 


ratio of 


sludge showed erratic perform- 
which associated 
with poor flocculation. Effluent solids 
were high but not high enough to ac- 
count for the low percentage removal 
and unit Poor 
assimilation of the soluble feed was in- 
dieated. Unit volatile solids decreased 
from an initial 1,100 mg/l to 450 mg/] 


most of Was 


solids performance. 
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at the end of eight weeks’ operation 
at 5°C. 

Subsequent to the eighth week, the 
load ratios were adjusted to 0.4.1.0 by 
appropriate reduction of influent oxy- 
ven demand for both units. The 30 
unit performed equally well at the 
lower load but unit solids decreases in- 
that 
than anabolism. 
are not in with 
Symons and McKinney (20) where re- 
duced performance occurred when sol- 
ids gains were nil. The difference may 
be related to the high feed 
content in sewage and gelatin. 


dicated catabolism was greater 


These results at 30 


accordance those of 


nitrogen 
The 5 
sludge progressively failed during two 
weeks of operation, hence it appears 
that low temperature 


Was more re- 


FIGURE 5.—Mixed liquor after mixing, settled for 30 minutes 
(30 and 5°C). 
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TABLE I. Activated Sludge Performance at 5 and 30°C on Dog Food Meal 
(19.6 g Influent BOD Per Week) 


Mean Daily Unit VS Gain | 2 . BOD CoD 
Weekly Periods Load Ratio or Loss Efi. — Removed Removed 
« Volatile) | (gg Infl. BOD) (per cent) | per cent) 


(a) OpeRATION at 5°C* 


Third l +0.35 0.09 : 

Fourth 0.38/1.0 +0.52 O11 72-92 64-79 

Fifth O.40/1.0 +0.34 0.05 88-96 | 74-73 

Sixth 0.37/1.0 +0.47 0.17 | 86-92 | 65-80 

Seventh 0.45/10 | +027 | 0.14 70-86 | 64-70 


) OPERATION aT 30°CT 


Third 0.61/1.0 +-0.07 0.06 88-97 77-82 

Fourth 0.58/1.0 +0.14 0.04 95-97 77-87 

Fifth 0.62/1.0 +0.04 0.07 | 87-95 67-70 

Sixth 0.58/1.0 | +0.04 0.09 93-96 | 65-84 
Seventh | 0.55/1.0 0.05 94-96 82-85 
| 


+ 


5° sludge solids 85 per cent volatile. 
t 30° sludge solids 80 per cent volatile. 


sponsible than loading for poor per- feed b to evaluate the effect of sus- 
formance on feed bd. pended material on performance. Rela- 
tively little adjustment to the feed 
change appeared necessary since feed 
b components made up two-thirds of 

A feed composed of equal weights of | feed c. Accordingly, the sludge from 
dog food meal, gelatin, and dextrose the 5°C operation was moved to the 
(feed ¢) was used-on the sludges from 30°C constant temperature room and 


Effects of a Radical Temperature 
Change 


TABLE II. Activated Sludge Performance at 5 and 30°C on Gelatin and Dextrose 
21.0 g Influent BOD Per Week) 


Mean Daily Unit VS Gain Effi. Solids Los: BOD CoD 
Weekly Periods Load Ratio or Loss 1 | Removed Removed 
« Volatile) Infl. BOD) tan. per cent) per cent) 


§°C* 


a) OPERATION AT 


Fourth 0.69/1.0 +0.01 O18 
a Fifth 0.72/1.0 +0.02 0.04 TO-96 61-82 
5 Sixth 0.61/1.0 +O0.17 0.13 47-77 O-S1 
Seventh 0.80/1.0 —0.08 0 07 10-77 30-61 
Kighth 1.23/1.0 ~0.09 0.08 | 14-60 23-57 


(b) OpeRATION at 30°CT 


a Fourth 0.72/1.0 +0.03 0.10 90-96 68-74 
4 Fifth 0.73/1.0 +0.05 0.03 92-98 77-83 
Sixth 0.73/1.0 +0.02 0.02 93-97 84-89 
Seventh 0.65/1.0 +0.13 0.03 92-94 | 70-89 
Kighth 0.67 /1.0 +0.03 0.07 90-96 | 74-85 


* 


5° sludge solids 89 per cent volatile. 
Tt 30° sludge solids 82 per cent volatile. 
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TABLE III. 


Mean Daily 
Load Ratio 
gg Volatile 


Unit VS Gain 
Weekly Periods 


Oss 


gg Infl. BOD) 


a) Previous 30 


Third 
Fourth 
Fifth 
Sixth 


1.0 
1.0 
1.0 
1.0 


0.02 
+0.19 
+0.13 
+0.14 
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Activated Sludge Performance at 5 and 30°C on Dog Food Meal, 
Gelatin, and Glucose (20.9 g Influent BOD Per Week 


BOD 
Removed 
per cent) 


cop 
Removed 
per cent) 


Effi. Solids Loss 
g g Infl. BOD) 


SLUDGE OPERATED AT 5°C* 


0.04 
0.13 
0.08 
0.07 


b) Previous 5° SLupDGE aT 30°CT 


Third 
Fourth 
Fifth 
Sixth 


1.34 
0.67 
0.59 
0.60 


1.0 
1.0 
1.0 
1.0 


0.04 
+0.03 
+0.09 
+O.17 
* 5° sludge solids 92 per cent volatile. 
f 30° sludge solids 87 per cent volatile. 


vice versa to determine the effects of a 
25°C change on each sludge. Since 
both units were low in solids, they were 
operated on the new feed for one week 
before and for two after the 
temperature change to build solids and 
to observe changes in the biota. The 
5° sludge now operated at 30° was 
still low in solids after the third week, 
hence stock sludge was added to reduce 
the load ratio. 


weeks 


TABLE IV.—-Activated Sludge Performance at 5 and 30°C on Phenol 


0.09 
0.09 
0.038 
0.14 


Both units slowly approached the 
population characteristies observed ear- 
lier at the respective operation tem- 
perature. For example, rotifers were 
rarely encountered in the low tempera- 
ture sludge except immediately after 
the 30 
box. About two weeks were required 
for them to build up at 30 
comparable to the previous 30 
tion. Sludge 


sludge was moved to the 5 


to a level 
popula- 
characteristics at each 


BOD /N Ratio, 


Approximately 40/1; and Feed, 33.7 g Influent BOD/Week 


Mean Daily 
Load Ratio 
(gg Volatile 


Weekly Periods 


BOD 
Removed 
per cent) 


COD 
Removed 
(per cent) 


Eff. Solids Loss 
gz g Infl. BOD) 


a) OPERATION aT 5°C* 


Ninth 
Tenth 
Eleventh 
Twelfth 


0.16 
0.19 
0.29 
0.14 


0.04 
0.03 
0.03 
0.03 


b) OPERATION aT 30° CT 


Ninth 
Tenth 
Eleventh 
Twelfth 


0.65 
0.70 
0.80 
0.88 


+0.02 
-0.12 
—0.09 
+0.13 
* 5° sludge solids 87 per cent volatile. 
T 30° sludge solids 83 per cent volatile. 


0.12 
0.13 
0.22 
0.02 


150 
0.48 10-87 37-61 
0.57 70-86 57-65 
0.43 58-81 53-62 
| | ‘ 
61-92 30-62 
76-96 64-84 
86-93 80-81 
86-96 67-76 
; 
ity = = : 
- 
: 
Unit VS Gain 
a ) g g Infl. BOD) 
0.56/1.0 4 83-98 62-84 
0.51/1.0 65-97 76-84 
0.40/1.0 79-96 80-85 
0.55/1.0 93-95 80-83 
te 
86-92 55-80 
19-86 33-83 
77-94 30-56 
95-99 85-88 
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TABLE V. Activated Sludge Performance at 5 and 30° C on Phenol (BOD /N Ratio, 


Mean Daily 
Load Ratio or Loss 
Volatile) 


Weekly Periods 


(a) OPERATION aT 5 


Third 0.53/1.0 +O.19 
Fourth 0.37/1.0 
Fifth 0.44/1.0 +0.18 
Sixth +0.13 


Third 0.46/1.0 +0.10 
Fourth 0.46/1.0 Nil 
Fifth 0.53/1.0 +0.08 


Sixth 0.56 


10 O01 


5° sludge solids 81 per cent volatile. 
t 30° sludge solids 72 per cent volatile. 


temperature, two weeks after the tem- 
perature change, had demonstrated a 
major reversal but performance data 
in Table IIL showed that the adapta- 
tion was not complete. 

Operation at 5° on feed ec showed 
some stabilization over that on feed b. 
Floceulation was better, but removals 
remained substandard (Table III). 
Performance at 30° on feed ec was 
slightly inferior to that on feed b. Im- 
provement in performance after the 
fourth indicated that long ad- 
justment periods were necessary after 


week 


a marked temperature change even in 
30° operation. 


Performance on a Phenol Feed 


Acclimation time at 30 and at 5°C 
on 40 mg 1 of phenol dosage (feed d) 
was two and nine days, respectively, to 
obtain phenol removal. 
The 30° unit had a similar time ad- 
vantage (3 and 16 days, respectively) 
in adjustment to 95-per eent phenol 
removal and to dosage increases up to 
300 mg/l of phenol. Eight weeks were 
required to acclimate units at both tem- 
peratures to the higher phenol dosage. 


90-per cent 


Sewage nitrogen was inadequate to 
provide the normal BOD/N require- 


Unit VS Gain 


« Infl. BOD) 


b) OpeRATION av 30°CT 


Approximately 20/1; Feed, 33.7 g Influent BOD/Week) 


BOD COD 
Eff. Removed Removed 
tan. ) per cent) (per cent) 


C* 


0.05 87-03 76-81 
0.06 95-46 77-84 
0.11 60-74 
94-97 68-75 


O.11 RS US 74-83 
0.02 89-90 
0.04 5-98 74-80 


0.05 


ments for biological treatment at an 
influent phenol level of 300 mg 1 but 
the percentage nitrogen in sludge vola- 
tile did not indicate atypical 
levels. Data in Table [V therefore in- 
dicate performance on a feed BOD/N 
ratio of about 40/1. 

The 5° sludge achieved 90- to 98-per 
cent phenol removal with fair BOD and 
COD removal. Volatile solids gain was 
0.14 to 0.29 @&/g of influent BOD. Low 
effluent verified 
tion. Operation at 30° was drastically 
different. Phenol, BOD, and COD re- 
movals were erratic and low after the 
first week of operation following 300 
mg/l phenol dosage. Unit volatile sol- 
ids losses contributed to a progressive 
gain in load ratio. Sludge density in- 
dexes of approximately 0.3 during the 
run attested tochronic bulking. Arcella 
became a dominant organism in the 
population during poor performance. 
The 12th week of operation indicated 
that it was possible to retain unit 
solids by pampering the unit and elimi- 
nating small flow variations but the 
result required an impractical amount 
of attention. 

Feed BOD/N ratios were adjusted 
to approximately 20/1 by addition of 
diammonium phosphate, and results 


solids 


solids good floceula- 
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are reported in Table V. Both units 
were allowed a two-week adjustment 
period prior to the tabulation run. 
Volatile solids gain per gram of in- 
fluent BOD at 5° (Table V) was simi- 
lar to that shown in Table [V. Phenol 
removal increased to 97 to 100 per cent 
with BOD COD removal. 
Sludge density indexes decreased from 
1.3 to 0.6 during the run with no evi- 
dence of leveling. effluent 
suspended material and operating dif- 


and 


Increasing 


ficulties suggested that good perform- 
ance was unlikely to continue. 
Bulking tendencies in the 30° sludge 
promptly were corrected with adequate 
feed nitrogen. Sludge 
creased with excellent 
and COD removals. 
indicated that 


density in 
BOD. 
Solids accumula 
and 


phenol, 


tion catabolism 


anabolism occurred at approximately 


equal rates on the feed and load ratio 
employed at 30°C. A 10-per cent de 
crease in the load ratio for two weeks 
following the tabulated run resulted in 
a small decrease in unit solids at 30 
after correction for effluent solids and 
analytical losses. The 5 sludge floe 
culation continued to deteriorate. 


Population Characteristics at 5 
and 30°C 


Pronounced differences in the popu- 
lations of activated sludge after adjust- 
ment to operation at 
apparent in Figures 1 and 2. Char- 
acteristic predators at 5° included 
small flagellates, one variety of stalked 
ciliate, free-swimming ciliates, and hy 
potrichina. 
an abundance of 
mold (probably 


5 and 30°C are 


Other organisms such as 
Paramoecium and a 
Wuco appeared in 
response to different test feeds or to 
unknown variables. 
was not 


Bacterial variety 
determined, although numer- 
ous colonies with rosette and tree-like 
form appeared at 5 
dent at 30 
several times in 5° 


but were not evi 
Sphaerotilus appeared 
operation, becom 
ing troublesome in feed a. It appar 
ently possessed a more advantageous 
competitive position at 5°C. 
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Characteristic predators in the 30° 
sludge included notomatoid rotifers, 
nematodes, and varieties of 
stalked ciliates. Activity of the pred- 
ators indicated a much greater propor- 
tion of feeding time in the 30 
The increased and resyn- 
thesis of cell would lead to 
vreater conversion of the feed to ear- 


several 


sludge. 
synthesis 
material 


bon dioxide and water with decreased 
solids accumulation as observed. 


Adjustment Characteristics 


oceurred in 
feed 
erowth 
changes were apparent but the obvious 
effect unit or effluent solids. 
Load ratios in Tables I through V fre- 
higher than the 


because of solids de- 


Detectable adjustment 
unit 
or conditions. 


each following a change in 


Population or 
was in 


quently were much 
initial loading 
creases during the unreported adjust 
ment period or thereafter. High ef- 
fluent solids commonly followed any 
duration of this effect 
lasted from one day to several weeks 
where unit failure was indicated. 
Adjustment time usually was more 
rapid at 80°C. More rapid adjust- 
ment on feed a was partially due to the 
fact that 
proximately 6°C for 30 
while it was approximately 
19°C for 5 This factor 
would not enter into the more rapid 
adjustment on feeds 
sludge temperature was not changed 


major change; 


stock sludge was raised ap- 
operation 
lowered 


operation. 
and d since 


on these except when a 25° change oc- 
curred for both on feed c. It required, 
roughly five times as long at 5° as at 
30° to achieve comparable performance 
on phenol removal. Since both sludges 
were tested with identical feeds, tabu- 
lation was delayed until both achieved 
This 


adjustment 


characteristic behavior. 
that the 5 
trolled acclimation time for both opera- 
tion temperatures. the 
adjustment at 30° was almost too rapid 
to detect by the methods used. This 
was not always true as the results on 
feed c after the 25°C temperature 


meant 


sludge con 


Occasionally 
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change showed a drastic population ad- 
justment requiring about the same 
time at 30 as at 5°. The sludge which 
had given high efficiency at 30° showed 
degraded that 
which had resulted in per- 
formance at 5° acquired a high degree 
of efficiency at 30°. 


performance at 5 


mediocre 


Intermediate per- 
formance was observed during the ad- 
justment period but it required about 
four weeks following the temperature 
interchange for each sludge to rede- 
velop the characteristics of the respee- 
tive temperature of operation. 


Solids and Oxidation Relations 


Solids accumulation per gram of 
feed BOD was substantially higher at 
5 than at 30° for each of the feeds that 
responded to treatment at both tem- 
peratures. The greater difference in 
sludge solids gain versus temperature 
in Table [ as compared with Table V 
shows that influent 
the temperature effect. 


solids exaggerate 
Higher solids 
gain and decreased assimilation at 5° 
would result in a greater differential 
in solids production versus tempera- 
ture if caleulated on a BOD removal 
basis. Self-destruction of solids at 5° 
was appreciable as shown by compari- 
son with theoretical solids production 
but it did not approach the rate of 
catabolism at 30°. 

Further comparison of results” in 
Tables I and V_ substantiate Porges’ 
conelusion (14) that temperature has 
a large effect on with a 
smaller but significant effect on re- 
moval. Mean COD removal at 5°C in 
Table | was roughly 70 per cent; 40 
per cent of this represented unit solids 
gain while 10 per cent appeared as ef- 
fluent solids. This indicates about 20- 
per cent oxidation of the influent at 
a. At 30°, COD removal was about 
sO per cent, of which 10 per cent was 
in unit solids and slightly over 5 per 
cent in effluent solids for an oxidized 
fraction of approximately 65 per cent. 
COD removal at 5° (Table V) was 
about 75 per cent with about 20-per 


oxidation 
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cent unit solids and 5- to 10-per cent 
effluent solids. Oxidation, therefore, 
was about 50 per cent. Results at 30° 
on the same feed showed about 80 per 
cent removal with relatively little unit 
solids gain and effluent solids losses for 
an oxidized fraction of about 75 per 
cent. The temperature effect is quite 
apparent; the difference in perform- 
ance associated with input BOD char- 
The 
destruction of phenol with low solids 
production is well established by plant 
practice. 


acteristics likewise is significant. 


Mixed liquor volatile percentages in 
the units at 5°C were 4 to 9 per cent 
higher than those at 30°C. This would 
be in line with a higher level of ea- 
tabolism at 30°. The substantial drop 
in volatile percentage between Tables 
IV and V on phenol was primarily due 
to a high silt content in the sewage 
during the period in which data for 
Table V were assembled. 


Feed Solubility Effects 


The reports of added difficulty in 
treatment of soluble substrates are con- 
firmed by these results. Temperature 
of operation had a much larger effect 
than anticipated. Results on feed b 
were very good at 30° and poor at 5°. 
The limited amount of suspended ma- 
terial added to feed b, as feed ¢ stabi- 
lized performance at 5° but the degree 
of improvement was obscured by the 
temperature shock incorporated into 
the experiment. It is likely that sub- 
stantial reduction of load ratios for 
low temperature operation may have 
improved performance but this was out 
of line with experimental objectives. 
Ruchhoft and Smith (8) reported that 
loadings higher than 0.2 ¢ of influent 
BOD per gram of unit solids indicated 
overloads at operation temperatures of 
6 to 8°C. Pereentage removal was 
not affected by test loads in their work 
but oxygen demand of the sludge re- 
turning to the aerator at higher loads 
steadily approached that at maximum 
activity. 


° 
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Inereased efficiency of treatment of 
soluble phenol at 30°C appears in 
Table V. The difference in behavior of 
feeds b and d in response to operation 


temperature suggests that generaliza- 
tions covering a variety of soluble sub- 
strates are unwarranted. Trends are 
indicated, but specific behavior is 
likely to be found only by individual 
tests at anticipated operating tempera- 
tures. 


Flocculation Variables 


Figures 3, 4, and 5 show decreased 
flocculation at the lower operating tem- 
peratures. Sawyer (12) encountered 
similar behavior in batch test experi 
ments. This was much more pro 
nounced with soluble feeds. It is dif- 
ficult to isolate flocculation from the 
other variables controlling activated 
sludge performance because it is so 
intimately related to treatment effi- 
cieney. Earlier discussion considered 
flocculation in terms of loading. De 
creased oxidation capacity at lower 
temperatures likewise has been consid- 
ered. If available unoxidized material 
accumulated in the floc because of re 
duced oxidation at low temperatures, 
it could result in overloading. This is 
not likely to affeet flocculation in the 
same manner as when overloading con 
tributes to a high growth rate. Re- 
duced activity is more likely. The dif- 
ference in population and nitrogen 
availability is discussed later. De 
ereased flocculation at 5° is likely to 
result from a combination of these and 
other variables as the effects cannot be 
explained on the basis of any one of 
them. 

It is likely that the predator popula 
tion has more effect on flocculation 
than is generally realized. The 5 
sludge characteristically was diffuse 
with numerous free-swimming organ- 
isms. These organisms tended to 
seatter the floc and lacked a strong 
tendency to associate with it. They 
were washed out in the effluent along 
with finely divided material. Preda- 
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tism in 30° operation favored elimina- 
tion of fine particles with predators 
exhibiting a strong tendency to ae- 
cumulate in and around floe masses. 
The net effect increased the proportion 
of larger and more dense floe masses 
with a concurrent decrease in washout. 

Helmers et al. (2) demonstrated that 
nitrogen requirements increased with 
high loading and high operation tem- 
peratures. Tables [V and V show that 
flocculation was affected by nitrogen 
availability. A feed BOD/N ratio of 
40/1 was adequate for metabolic re- 
quirements at 5°C as shown by per- 
formance and excess nitrogen in the 
effluent. The same ratio of BOD/N at 
30° was associated with serious failure 
in flocculation with nitrogen availa- 
bility too low to satisfy the high meta 
bolic demand. Conversely, the BOD /N 
ratio that was adequate at 30° was as- 
sociated with flocculation diffieulty at 
5° 

The nitrogen content of the volatile 
sludge solids at 5° varied from 5.6 to 
8 per cent while that at 30° ranged 
from 9.0 to 10.5 per cent. Changes in 
the feed BOD/N ratio resulted in 
negligible changes in sludge nitrogen 
These observations are in agreement 
with Symons and MeKinney (20) as 
none of these test feeds approached the 
higher feed BOD/N ratios in their 
work, 

Excess nitrogen in the effluents dif- 
fered both in amount and form at 5 
and 30°C. Effluent nitrogen appeared 
primarily as ammonia in 5° operation 
An excess was noted even at a 40/1 
BOD N feed ratio at 5°. Additional 
effluent ammonia at a 20/1 feed BOD /N 
ratio indicated little additional meta- 
bolic use. There was negligible ef 
fluent nitrogen at 30° on a 40/1 feed 
BOD/N ratio. <A significant amount 
appeared at a 20/1 ratio. The excess 
existed primarily in the nitrate form 
at 30°. Nitrogen as nitrate frequently 
represented a net loss to the unit be 
eause of denitrification in oxygen- 
starved local sludge agglomerates. The 
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higher feed nitrogen in 5° operation 
resulted in about one-third being tied 
up in sludge solids and two-thirds, or 
more than 20 mg/l, appearing as am- 
monia in the effluent. This may have 
adversely affected flocculation. 


Other Operational Characteristics 


Low temperature operation was slower 
in acclimation but it also produced a 
sludge in which secondary effects of 
overloads or other shock were de- 
An overload tended to move 
through the sludge with a decreased 
percentage removal at 5° but there 
was relatively little change in sludge 
performance following the shock load. 
Operation at 30° resulted in a better 
removal during an overload but the 
sludge exhibited the effects several days 
after normal loading was_ restored. 
High temperature operation, therefore, 
required somewhat closer control. Part 
of this was due to respective dissolved 
oxygen levels. 


crease¢ l. 


Effluent dissolved oxy- 
gen at 5° rarely dropped below 8 mg/1 
while that at 30° commonly approached 
zero at high loading and rarely ex- 
ceeded 3 mg/l. This would contribute 
to the need for closer control of high 
temperature operation. 
minor problem 


Control was a 
the im- 
proved oxidation and more rapid ad- 
justment at the higher temperature. 

Foaming was a constant problem in 
operation. Whether this resulted 
from sewage detergents or foam-pro- 
ducing metabolites is unknown but the 
low temperature sludge usually re- 
quired foam control. Foam rarely 
built up to a height of more than one- 
half inch on the surface of the 30° 
unit, including that period immediately 
after changing the 5° sludge to 30° 
operation. 

Suecessful operation on a long-term 
basis at load ratios higher than normal 
was common in this 


considering 


investigation. 


Part of this was due to the rest period 
provided in week-end operation with- 
feeding. 


out The complete mixing 
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characteristics of the test units likewise 
would be conducive to more rapid dilu- 
tion of high influent concentrations. 
Another part of it probably was due to 
feed schedules that did not inelude 
marked changes from day-to-day in 
feed characteristics, volume, or con- 
centration. It would not be expected 
that a unit subjected to rapid change 
in feed character and strength could 
tolerate high loading. The sludge is 
likely to be less active because it would 
require continuous 
changing conditions. 


acclimation to 
Remarkably good 
adaptation was shown after a change in 
feed or temperature but the limits of 
adjustment would vary with condi- 
tions. The ability to accept a change- 
able load, therefore, depends on how 
well the operator has adjusted load 
ratios to the mean between high and 
low acceptable limits. 


Summary and Conclusions 


1. Temperature of activated sludge 
operation had a significant effect on the 
variety and motility of the predator 
population. Indirect evidence of bae- 
terial population differences was en- 
countered, 

2. Two weeks or more were required 
for the population to approach char- 
acteristic equilibrium and performance 
after a significant temperature change. 
Performance variation after apparent 
adjustment strongly recommends long- 
term continuous testing to establish be- 
havior following a change in tempera- 
ture or feed. 

3. Aeclimation to different test feeds 
required about five times as long at 
5 as at 80°C. 

4. BOD and COD removal was about 
10 per cent higher at 30° than at 5°C 
when the influent was treatable at both 
temperatures. 

5. Solids accumulation per unit 
weight of BOD input was substantially 
greater at 5 than at 30°C, 

6. Low temperature flocculation was 
substantially inferior to that at 30°C, 


\ 
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much 
operation tem- 
contributed to 


tested 
low 


7. Soluble feeds 
more sensitive to 
peratures and 
flocculation. 

8. Higher nitrogen requirements at 
30° followed anticipated behavior but 
excess nitrogen at 5° was detrimental. 

9. Nitrification was not significant 
at 5 

10. Foam difficulties were increased 
by low temperature operation. 

11. Sphaerotilus apparently had a 
better competitive position at 5 

12. Sludge volatile percentages usu- 
ally were about 5 per cent higher at 5 
than at 30 


were 


poorer 


on the same feed. 


Acknowledgment 


The photographie illustrations were 
made by R. N. Bloomhuff. 


References 

l. Placak, O. R., 
** Studies 
XVII.—The Utilization of Organic 
Substrates by Activated Sludge. 
Sewage Works Jour., 19, 3, 423 (May 
1947). 

2. Helmers, E. E., Frame, J. D., Greenberg, 
A. E., and Sawyer, C. N., ‘‘ Nutritional 
Requirements in the Biological Stabili 
zation of Industrial Wastes. II. Treat 


and Ruchhoft, C., 


of Sewage Purification 


ment with Domestic Sewage.’’ Seu 
age and Industrial Wastes, 23, 7, 884 
(July 1951). 

3. Wuhrman, K., ‘‘High Rate Activated 
Sludge and its Relation to Stream 


and Industrial 


1954 


Sanitation.’’ Sewage 


Wastes, 26, 1, 1 


(Jan, 


4. Eckenfelder, W. W., Jr., and O’Conner, 
D. J., ‘‘ Aerobic Biological Treatment 
of Industrial Wastes.’’ Proce. 9th Ind. 
Waste Conf., Purdue Univ., Ext. Ser. 


87, 512 (1955 

5. Heukelekian, H., Orford, H. E., and 
Manganelli, R., ‘‘Factors Affecting 
the Quantity of Sludge Production in 
the Activated Sludge 
age and Industrial Wastes, 23, 8, 
(Aug. 1951). 

6. Okun, D. A., ‘‘System of Bioprecipitation 
of Organie Matter from 

Works Jour., 21, 5, 763 (Sept 


Seu 


945 


Process.’’ 


sewage 
Sewage 
1949). 

7. ‘‘Sewage Treatment 

tions.’’ NRC Report, Sewage 

Jour., 18, 5, 794 (Sept. 1946). 


at Military Installa 
W orks 


JOURNAL 


WPCF 


2. Sawyer, C. N., *‘ 


. Caves, J... 


i. Garrett, M. T., Jr.. 


February 196] 


Ruchhoft, C. C., 
in Sewage 


and Smith, R. S., ‘‘ Studies 
Purification. X. Changes 
in Activated Sludge Induced by Varia 
tion in Applied Load.’’ Sewage 
Works Jour., 11, 3, 409 (May 1939). 
Ruchhoft, C. C.. MeNamee, P. D., 
Butterfield, C. T., ‘‘ 
Purification. VIT. 
tion by Activated 
Works Jour., 10, 4, 
Dye, E. O., 
Activated 
dustrial 
1958). 
McKinney, R. E., 
tion.’’? In 
and 


and 
Studies in Sewage 
Biochemical Oxida 
Sludge.’’ 
661 (July 1938). 
**Solids Control 
Sludge.’’ 


Wastes, 


Sewade 


Problems in 
In- 
( Nov. 


and 


1350 


Ne wade 


30, 11, 


Floecula 
Treatment of 
Wastes,’’ Vol. 
Publishing Co. 


‘ Biologieal 

** Biological 
Industrial 
Reinhold 


sewage 
1, 

(1956). 
Activated Sludge Oxida- 
Results of 
Determine 


tion. VI. 
ments to 
Variables 
Concentration.’’ Sewage 


12, 2, 244 (Mar. 1940 


Feeding Experi- 
Effects of the 
and Sludge 
Works Jour., 


Temperature 


» Sawyer, C. N., Frame, J. D., and Wold, 
J. P., ‘Some Re Vise d Coneepts Con 
cerning Biologieal Treatment.’’ Proce. 


Ind. Waste 
Ext. Ser. 87, 217 
Porges, N., and Hoover, §. 
R., ‘* Biochemical Oxidation of Dairy 


1955). 


Purdue Univ., 


Jasewiez, L., 


Wastes. VII. Purification, Oxidation, 
Synthesis and Storage.’’ Proe. 10th 
Ind. Waste Conf., Purdue Univ., Ext. 


1956 
‘*Effects of 
Temperature on Aquatie Organisms.’ 
Proc. 10th Ind. Waste Conf., Purdue 
Univ., Ext. Ser. 89, 346 (1956 


Ser. 89, 135 


Increased 


and Sawyer, C. N., 
Removal of Soluble BOD 
Proc. 7th Ind. 
Ext. Ser. 


**Kineties of 
by Activated Sludge.’’ 
Waste Conf., 
79, 51 (1952 
Ludzack, F. J., ‘‘ Laboratory Model Ae 
tivated Sludge Unit.’’ Tuts JouRNAL, 
32, 6, 605 (June 1960) 
‘Standard Methods for the 
of Water, 


Purdue Univ., 


Examination 
and Industrial 
Wastes.’’ 10th Ed., Amer. Pub. Health 
Assn., New York (1955). 
McKinney, R. E., Gram, A., 
tozoa and Activated Sludge.’’ 
Industrial Wastes, 28, 10, 


1956 


sewage, 


Sewage 


1219 


and 


and 
(Oct. 
Symons, J. E., and MeKinney, R. E., 
‘*The Biochemistry of Nitrogen in the 
Synthesis of Activated Sludge.’’ Sew- 
age and Industrial Wastes, 30, iP 874 


(July 1958 


8. 
j 
4 
“tad 9 
10, 
11. 
1 
M4. 
4 15 
17. 
19, 
= 
4 
- 
pS. 
ig: 


THE POSITION OF STATES IN WATER 
POLLUTION CONTROL 


Curtiss M. Everts 


The warnings sounded by eminent 
authorities on the limited water supply 
available and the problems of water 
quality management are reason enough 
for those charged with pollution con- 
trol responsibility to make a critical 
evaluation of their capacity to meet 
the challenges of today as well as to 
determine how well equipped they are 
to solve the problems of tomorrow. 

It may be said with confidence that 
a great deal has been accomplished in 
the control and abatement of pollution 
since the enactment of the first Federal 
Water Pollution Control Act in 1948. 
The entry of the federal government 
into this field of sanitation not only 
lent great impetus to state programs 
already underway, but prompted others 
to undertake a broader and more vigor- 
An inter- 
ruption in funds appropriated for this 
work at both the federal and state levels 
in 1950 failed to dampen the desire 
for clean waters, but did slow down the 


ous attack on the problem. 


effort in some areas for several years 
until the federal 
newed in 1956 with more comprehen- 
While it is admitted 
that the details of each state or inter- 
state water pollution control program 


assistanee Was re- 


sive legislation, 


cannot be presented in this paper, it is 
hoped that from material supplied by 


colleagues in this work and through 
personal visits with them, that this 
diseussion will reflect some of their 


thoughts and opinions. 


Curtis Everts is Secretary and Chief Engi- 
State Sanitary Authority, Oregon 
Board of Health, Portland, Ore. 

was presented at the 33rd An- 
Vecting of the Water Pollution Control 
Philadelphia, Pa., Oct. 2-6, 


neer of the 
State 
The paper 


nual 


Federation in 


1960. 


Problems of Measuring Progress 


Measuring progress in pollution eon- 
trol is not a simple task, because no 
uniform yardsticks have been devel- 
oped on which good comparisons can 
be made on a state, regional, or na- 
tional basis. In some areas progress, 
or lack of it, is measured by the num- 
ber of facilities provided for the treat- 
ment or disposal of domestic sewage 
and industrial wastes. In other parts 
of the nation, the restoration of form- 
erly-polluted waters that now may be 
used for sources of water supply, for 
the propagation of fish and aquatic 
life, and for water-based recreational 
activity, is the yardstick of aeccomp- 
lishment. Most state and interstate 
both methods as a gage 
of progress made toward reaching ob- 
Present statistical measure- 
ments are generally based on improve- 
ments to the physical, biochemical, and 
biological characteristics of surface 
waters, and with a few exceptions to 
the chemical characteristies where a 
specific material may be the major 
souree of pollution. 

Even with these measurements, a 
variety of other eriteria exist which 
are dependent on local conditions, water 
use, publie policy, the enforcement pro- 
visions of statutes, public support, and 
last (but certainly not least in im- 
portance ) 


agencies Use 


ject ives. 


is whether objectives are 
maximum 
standards, and whether or not such ob- 


planned on minimum = or 
jectives take into consideration only 
current problems, or include future 
For example, in at least 
where an ageney had 
pointed with pride to what it con- 


ones as well. 


one instance 
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sidered good progress in the reduction 
of pollution, the results did not even 
approach the stream cleanliness ex 
pected by others. 

It must be admitted that all states 
did not get off to the same start on the 
pollution abatement effort. 
been engaged in this work for almost 


Some have 


39 years, while others have taken the 
matter seriously only during the past 
decade. 

To add the 
publie, to which pollution control au 
thorities are and which 
watches the efforts with a great deal of 
interest, probably has an entirely dif 


even more confusion, 


responsible 


ferent set of values on which to base 
opinions as to the degree of achieve- 
ment for water pollution control ob- 
jectives. These will 
ingly important in the near future. 

It should also be recognized at this 
point that there is a great deal known 
about treatment and 
It is known how to remove floating ma- 


terials, settleable solids, 


become inereas 


waste disposal. 


and bacteria 
from waste effluents, and these should 
be done at just as fast a rate as pos- 
sible, so that some of the problems on 
hand before 


become 


can be ed 
involved 


Efforts to accomplish these 


programs 
with more complex 
projects. 
objectives are hampered, however, be 
cause public attention sometimes has 
diverted to the 
troublesome and as yet unsolved prob- 


been some of more 
lems of waste treatment and disposal. 
This situation is not helped to any ex- 
tent when the complexities of water 
quality the 
non-biological contaminants, and radia 
tion hazards are brought to the atten 
tion of the public without relating these 
problems to the present control effort. 

Nevertheless, and 


state agencies are not losing ground, 


management, control of 


most state inter- 
but are making steady progress in the 
reduction of pollution from domestic 
This 


statement may be substantiated in part 


sewage and industrial wastes. 


by the facet that modern sewage treat- 
ment plants usually have been designed 
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for a population 15 to 40 per cent in 
excess of the connected load, and there- 
fore should be able to absorb reasonable 
population increases without overload. 
In addition, most states require new 
industries to provide adequate treat- 
ment or disposal facilities prior to the 
operation of production units. 
Exceptions to this progressive pat- 
tern inevitably oceur, however, when 
the uses of publie waters change, and 
additional reductions in the physical, 
chemical, and bacterial loads in waste 
effluents must then be made. The city 
that must extend its treatment 
facilities from primary to secondary in 
these 
changing conditions has a real prob- 


waste 


a short span of time to meet 
lem on its hands. 

The disposal of sewage from unin- 
corporated urban areas has been a par 
ticularly troublesome 
World War IT. 


sorption fields have been far from satis 


since 


problem 
Septie tanks and ab 


factory as a means of community sew- 


age disposal. A great many such areas 


still exist, but with more experience 
and knowledge in dealine with such 
matters, both state and local vovern- 


ment will ultimately provide satisfae- 
tory solutions on an area-wide metro 
politan basis, such as those developed 
in St. Louis County, Missouri; Seattle, 
Washington; and the Tri-County area 
of Multnomah, Clackamas, and Wash- 
the 
metropolitan area of Portland, Oregon. 


ington Counties, which make up 


Progress by Pollution Control 
Agencies 


It would until better 
method is devised, that the persons best 


seem, some 
equipped to evaluate progress would 
be the individual state and interstate 
pollution control administrators. These 
men deal with control and abatement 
work on a day-to-day basis, know how 
much is being done, and what objee- 
tives are yet to be attained. Therefore, 
the opinions of each state and inter- 
state water pollution control adminis- 
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trator were sought as to the following 


areas of interest: 


1. The status of the pollution eon. 
trol effort in his area of jurisdic- 


tion. 

2. The devices used to indicate prog- 
ress or lack of it. 

3. The needs of his individual pro- 


gram. 

In addition, each was asked to de- 
scribe briefly some significant improve- 
ment in water quality which had re- 
sulted from the pollution control pro- 
gram. It certainly was no surprise to 
receive a reply from every state and 
interstate agency to which an inquiry 
had been sent. This response alone was 
a clear indication that each had a story 
to tell not only of the gains that had 
been made, but of the assistance and 
support required to meet the challenge 
of the more complex problems in the 
era ahead. 

Without exception, every state and 
interstate agency reported that prog- 
ress is being made in reducing pollu- 
tion. However, some admit that popu- 
lation inereases and industrial expan- 
sion have tended to obscure some of 
their accomplishments. Others indi- 
cated a need for a little more time to 
accomplish objectives. 

The reports of these administrators 
included illustrations of 
progress, some of which are quoted 
here in support of the contention that 
significant improvements in stream con- 
ditions are being made: 


numerous 


‘... Twenty years ago, the Philadel- 
phia-Camden section of the Delaware 
River was known as one of the most 
grossly polluted streams in the United 
States. Today, despite rapid growth 
in population and industry in the 
abutting area, the waters of this sec- 
tion are of respectable quality, suitable 
for their great variety of appropriate 
uses including the disposal of treated 
sewage and industrial wastes.’’ 


‘... more than holding the line—push- 
ing it far back. 


For example, on the 
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Ohio River in 1948 less than 1 per cent 
of population had sewage treatment. 
Today, in spite of population increases, 
95 per cent are served by treatment 
plants in operation or being completed 
for early operation.’’ 


. control of oil field brines through 
the five year program. In the second 
year 47 per cent of all brines are being 
injected. Drinking water standards 
are being met in all waters leaving the 
state.’’ 


‘|. . inereased the dissolved oxygen 


content of streams to the degree that 
game fish can readily pass through 
stretches of river once heavily pol- 
luted.’ 


ae 


. improved raw water quality at 
many of our surface water supply in- 
takes. Elimination of health hazards 
which existed prior to the collection 
and treatment of municipal sewage. 
Numerous sections of streams that were 
once devoid of fish life now contain a 
normal fish population.’’ 


ce 


... improvement of water quality to 
the extent that it may soon be possible 
to swim in water once highly polluted.”’ 


** ... Currently 65,000 tons of salt per 
day are brought to the surface with 
brine, and 64,600 tons are properly 
disposed of. About half of the states’ 
fourteen oil refineries have adequate 
treatment now and others are in the 
final phases of providing these.’’ 


. . . All new industry has provided 
adequate treatment, and municipalities 
with populations of 5,000 or larger, 
with the exception of three, have con- 
structed and are providing adequate 
treatment.’ 


abatement of pollution from 
sugar mill wastes almost complete. We 
have been fairly effective in controlling 
damage from gravel wastes.”’ 


. . . We have held the line with re- 
gard to the use of streams as sources of 
water supply, for recreational pur- 
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poses and for shellfish propagation in 
the faee of 
growth and 
municipal wastes to be treated 


substantial population 
quantities of 
We 


may have lost ground slightly, how 


inereased 


ever, on shellfish propagation uses.”’ 


. Since 1956, forty towns and state 
institutions have installed sewage treat- 
ment facilities which have practically 
eliminated pollution from streams in 
their vicinity.’’ 


(coliforms 
Marked 
improvements in physical quality in 
waters subjected to industrial pollu- 
tion.”’ 


. Improvement in MPN 
results in recreational waters. 


. elimination of ground water pol- 
lution problems by oil field brines in 
Control otf 
chemical contamination of ground water 
from uranium mills.”’ 


southeast portion of state. 


. Improvement in fishing waters in 


some locations. Elimination of taste 
and odor producing substances.  Re- 
duction of 


loeations. 


bacterial levels in certain 


Elimination of nuisance 
conditions due to oxygen depletion and 


oil pollution.”’ 


. Completion of municipal sewage 
treatment plant 
in a number of the largest cities in the 
will result in 
quality in the receiving streams. 
struction will 
cities in late 1960 or early 1961 


expansion programs 


state improved water 
( ‘on- 


be completed in these 


**.. In 1945 only a few sewerage sys- 
tems and almost no industry had ade 
quate treatment At 
63.1 per cent of the sewerage systems 
have adequate treatment, 24.6 per cent 
are working on the problem, and only 
12.3 per 
factory progress. 


works. present 


eent are not making satis- 


Industries are work 


ing too with 35.5 per cent adequate 


treatment, 44.2 per cent working on 


problem, and 20.3 per cent not making 
satisfactory progress. 

larger number of new 
have not had increased pollution, but 


In spite of a 


industries we 
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are obtaining steady improvements 


each year.”’ 


The municipal program within 
the state has advanced at a more rapid 
than total 
program. We have achieved a marked 


pace other sections of our 
bacterial reduction in the quality of 
waters within the state. Our industrial 
program in all but one phase has moved 
ahead quite rapidly since the permit 
system went into effect in 1955.”’ 


Considering the state waters in 
veneral., the suspended 
the from municipal 
and industrial wastes is the most sie- 
nificant index.’’ In 
terial reduction, 
oxygen 


reduction of 
solids in stream 
addition, ‘* Bae- 
increased dissolved 


levels, reduction in taste and 
odor producing substances objection- 
able in potable water supplies and less 


floating substances, including oils.’’ 


‘*... In the industrialized eastern and 
southeastern regions of the state, clean- 
up has resulted in improved waters af- 
fording industry opportunities to ex- 
pand, provided they install treatment 
facilities.’ 


Insofar as is known, no major 
stream is any longer polluted by either 
domestic sewage or industrial wastes to 
a point, except in cases of natural pol- 
lution or natural 
where it cannot serve as a trout fishery, 


other limitations, 
or source of public water supply with 
reasonable treatment.’’ 


**.. In the fall of 1959, as a result of 
improved 
thousand and silver 
migrated through Portland 
upstream spawning grounds. 


stream conditions, several 


chinook salmon 
harbor to 
Starting 
from a level of zero in 1939, the level 
of dissolved oxygen has been main- 
tained at a minimum of 3.0 parts per 


million in Portland harbor in 1960.”’ 


Public Reaction to Program 


Impartial observers always can be of 


assistance in the evaluation of a pro- 


gram affecting the public interest, so 


tag 
| 
| 
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; | 
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the opinions of the editors of news- 
papers in key geographic localities also 


Their was 
most gratifying and their comments 
are certainly of interest to those en- 
gaged in pollution control work. Al- 
most everyone contacted in this group 
believed that progress had been made, 
but thought that programs were not 
moving along at a fast enough rate. 
Only one stated that little had been ac- 
complished, and he amplified his state- 
ments by saying that local pollution 
laws lacked teeth, enforcement respon- 


were obtained. response 


sibilities were divided among too many 
agencies to be effective, that pollution 
still exists and, besides, nearly all the 
fish in the killed 
anyway. 

Progress in all 


streams have been 
instances had been 
evaluated on the basis of sewage and 
industrial waste treatment facilities 
placed in operation and on the im- 
provement in water quality. Only one 
respondent properly added a word of 
that the number of plants 
alone was not an accurate index if they 
failed to identifiable 
provement in water quality. 


caution 


make some im- 

The advice of the majority for im- 
proving control measures and moving 
ahead more rapidly included the ‘fol- 
lowing items: 


1. Better public understanding and 
support. 

2. Simplified methods of financing 
public sewerage projects. 

3. Additional appropriations for wa- 
ter pollution control. 

4. Stronger 

5. More research on special 


laws. 
prob- 
lems. 

6. Stricter enforcement of existing 
law. 


On other pages of the replies from 
editors, such comments as these may be 
found: 


. Large industries seem disposed to 
avoid polluting water as a matter of 
vood publie relations. However, there 
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should be legal power to require such 
action of any industries which may be 
recaleitrant.”’ 


.. Most notable progress has been 
on the Schuylkill, Delaware, Susque- 
hanna, and Allegheny rivers. Mining 
wastes have largely been eliminated, 
fishing is possible in areas where it was 
never attempted 15 years ago, and 
there has been a tremendous increase 
in recreational use of the waters. Both 
the Schuylkill and Delaware were 
stinking streams at one time, and little 
better than open sewers. Both rivers 
are now useful.’’ 


What has been accomplished in 
the past several years, notably with 
the stimulation of the federal assistance 
program, seems to us to 
really quite good. 


have been 
Of course we need 
stronger laws in some states and we 
urgently need more research to tell us 
what to do about detergents, insecti- 
cides, and other chemicals that we are 
presently unable to take out of our 
water supply.”’ 

= . There is still more missionary 
work to be done in convincing indus- 
trialists that they dare not foul up the 
streams they use.”’ 

si The pollution control commis- 
has not been able to correct all 
previously existing pollution condi- 
tions. Partially responsible is the lack 
of adequate personnel for investigation 
and follow-up work.”’ 


sion 


If one can read between the lines of 
these replies, however, there appears 
to be an attitude of cautious frustra- 
tion. People have been fighting for 
pollution control for years; they have 
seen a lot of progress made; they have 
been endlessly patient, and yet there 
seems to be as many or even more prob- 
lems than when they started. This isa 
difficult situation for a layman to ae- 
cept and a more difficult one for him 
to comprehend, particularly when the 
very difficult and complex problems of 
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the future are discussed before any 


thing has been said about earlier aec- 
complishments and 
stacles. 


present day ob 


Even though each sewage or indus- 
trial waste treatment facility placed in 
service represents a progressive step in 
pollution control, it must be remem- 
bered that in the final 
condition of the receiving body of 
water is the most important indicator 


analysis the 


as to success or failure. 


Needs 


There are shortcomings in state and 
interstate programs which any compe- 
tent administrator will recognize. Some 
of these are discussed below. 

The agencies have enough knowledge 
now, but not enough manpower, to 
clean up much of the existing pollu- 
tion. Regular surveillance of surface 
and underground waters and of sew- 
age and industrial waste treatment fa 
cilities cannot be maintained by the 
states because appropriations are in- 
sufficient to provide the staff necessary 
for such work. Engineers, biologists, 
chemists, and other personnel are not 
being trained at a rate fast enough to 
fill existing vacancies, much less pro- 
vide for needed 
Salary scales in water pollution con- 
trol work are woefully deficient in 
comparison with those in other fields 
of endeavor. 


program expansion. 


Enforcement activities 
cannot be effectively carried out, how- 
ever, until sufficient legal and technical 
personnel ean be provided. 
treatment and industrial 


treatment works are being constructed 


New sew- 
ave waste 
at a rate faster than competent opera- 
tors can be trained to man them. 

Public information on the status of 
water pollution control has generally 
been good, but needs to be strengthened 
to explain more carefully what 
been accomplished, why new problems 
constantly develop, and what addi- 
tional help is needed. 

Only a_ very administrators 
thought that stronger state laws were 


has 


few 
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necessary. As a matter of fact, many 
colleagues have personally expressed 
the opinion that there are enough laws 
now, and that these should be used as 
effectively as possible before requesting 
any new ones. 

Current methods of financing public 
sewerage projects are about the same 
as they were 50 years ago. Simplified 
methods are needed. 

There is critical lack of suitable 
criteria acceptable to technicians, as 
well as the public, for measuring prog- 
lack of progress in 
pollution control objectives. 

Various interests concerned with the 
conservation, utilization, and manage- 
ment of water resources have not yet 


ress or reaching 


reached agreement on the quality of 
water required for their specific use. 
The misunderstandings and confusion 
resulting from this situation 
urgent need of attention. 

Most beginning to. ae- 
cumulate basic data on water quality, 
but larger and better equipped labora- 
tories, as well as mechanized recording 


are in 


states are 


and sorting of information, are needed 
to meet the requirements now and in 
the future. 

Current appropriations do not per- 
mit many state agencies to engage in 


research or investigation of special pol- 
lution problems. 


Accelerated research 
is needed to begin to provide answers 
to such complex control problems as: 
a) the effect of return irrigation flows 
on water quality, (b) the development 
of better and faster analytical methods 
for pollutants, (c) the effeets of cer- 
tain new pollutants on human health, 
and (d) the effect of sociological pat- 
terns on the pollution control efforts. 

Provision is needed in water storage 
projects for sufficient amounts of water 
to augment low stream flows, to the 
extent that fish and aquatie life are 
preserved and recreational use of the 
water is permitted. 

It is doubtful any state or interstate 
agency administrator has 


ever con- 


sidered himself a magician where water 
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pollution control is concerned. He 
cannot perform some of the miracles 
that at times are expected; but, given 
the manpower, equipment and the sup- 
port, state and interstate agencies can 
make great headway in reducing exist- 
ing pollution of public waters. The 
administrators must be able to carry on 
their present activities in a business- 
like and orderly fashion and must be 
prepared to meet the problems of radio- 
active wastes, insecticides, herbicides, 
non-biological dis- 
ease-producing organisms frankly and 
logically. 

Finally, solid support from all the 
people must be developed in an all-out 
effort to conserve a most vital natural 


resource, 


contaminants, and 


As one editor so ably com- 
mented: ‘‘A lot has been written and 
spoken of in recent years about pollu- 
tion control, but hasn’t most of it 
fallen on the ears of people who are 
already convineed—conservationists, 


Not 


much of it seems to have penetrated 


fish and game enthusiasts, ete. ? 


the consciousness of the majority of 
citizens whose attitudes will determine 
whether bond issues pass or fail.’’ 


Summary 


Measured by the number of sewage 
and industrial waste treatment or dis- 
posal facilities placed in operation as 
well as improvements in water quality, 
state and interstate agencies are mak- 
ing progress in the control of water 
pollution. Significant reductions in 
pollution loads have been made in al- 
most every state. 

While it is true that some old prob- 
lems are being overcome, new ones are 
being created at a rate sometimes 
beyond the present capacity of state 
or interstate agencies to solve them. 
Crowded water-based sports areas, 
careless use of pesticides, non-biological 
contaminants, radioactivity, sewage dis- 
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posal for unincorporated urban areas, 
and the limitations of current sewage 
treatment processes form a new com- 
bination of tasks for the water pollu- 
tion control agency. The public’s reae- 
tion to the pollution abatement effort 
as reflected by the opinions of editors 
from selected metropolitan newspapers 
around the country points to the fact 
that while progress is being made, 
faster action is necessary. They list 
more appropriations for personnel to 
make investigations and provide fol- 
low-up, better publie understanding of 
the problem, and simplified financing 
of sewerage works as the chief de- 
ficiencies at present. 

Accelerated research, increased staff 
and appropriations, improved and ex- 
tended laboratory facilities, simplified 
methods of financing public treatment 
works, increased emphasis on enforee- 
ment, more uniform and_ practical 
yardsticks for measuring progress, and 
above all, sympathetic public support 
and understanding of the work that 
lies ahead, are the urgent needs of the 
control agencies today. In general, 
there is the feeling there are already 
enough laws, that given sufficient staff 
and support the objectives of the water 
pollution control program can be aec- 
complished. 
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STORED SEWAGE 


COLIFORM POPULATION IN 


Changes in bacterial population of 
water samples during storage have 
been investigated at length by ZoBell 
(1), ZoBell and Anderson (2), ZoBell 
and Stadler (3), and Whipple (4). 
However, little attention has been 
given to studying changes in bacterial 
population of raw sewage during stor- 
age at low temperatures. 

In determining the performance of 
an oxidation pond in regard to removal 
of coliform organisms as measured by 
the MPN method, comparison between 
the coliform density of influent raw 


sewage and the effluent water from 
oxidation ponds must be taken into 


consideration. 
and quantitative analysis of such an 
operation, samples at 
hourly intervals followed by immedi- 
ate analysis would be required; thus, 
demanding a great time 
and equipment in the performance of 


To provide an accurate 


collection of 


amount of 
such an operation. An alternate pro- 
cedure would be to store samples col- 
lected at hourly intervals at low tem- 
peratures for some desired period of 
time. This paper deals with the ex- 
tent and nature of change in the coli- 
form density of influent raw sewage 
stored at low temperatures for various 
holding times. 


Method 


In general, the laboratory 
used was one which measured quanti- 
tatively changes in the coliform densi- 
ties subjected to the influences of 
population level, holding time, and 
temperature. More specifically, meas- 


design 
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urements were made at three popula- 
tion levels; at temperatures of 35, 40, 
and 45°F; and at holding times of 
0, 12, and 24 hr. Coliform density of 
the sample at the time of collection 
constituted a given population level; 
thus, levels could not be reproduced 
in this particular design. Of the three 
during any given 
sampling day, each was adjusted to 
its respective holding temperature. 
After having reached the preseribed 
temperatures, this was allowed to rep- 
resent the zero-hour sample, and like- 
wise after 12-hr the 
12-hr sample; and after 24-hr refrig- 
eration, the 24-hr sample. 
treatments the other two 
samples collected at a different time 
Within the same sampling day. 


samples collected 


refrigeration, 


The same 


were given 


Three series of tests were run. Three 
raw sewage samples were collected on 
each of three different sampling days 
at the three different Within a 
given sampling day, making a total of 


samples. 


times 


These samples were then 
the treatment outlined 
Following this, the method of 
analysis was that employed for the 
MPN as given in ‘‘Standard Methods”’ 


(5). 


subjected to 
above. 


Results and Discussion 


Table [ shows the observed experi- 
mental data as represented by the three 
series of experiments. These data show 
that there were no important changes 
in the coliform densities of raw sew- 
age within the limits of population 
level, holding time, and temperature 
of the experiment. However, a notice- 
able change was observed with levels 
and temperatures of the second series 
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COLIFORMS 


Data in Table I 
analyses were com- 


of the experiment. 
show that the three 
parable 

Analyses of the Series 1, 2, and 3 
data the 
evident 


from accompanying tables 
useful facts. 

By analyzing the experimental data 
statistically it was found that the co- 
efficients of variance for Series 1, 2, 
and 3 were 114, per 
cent, respectively. 


makes several 


63.3, and 75.5 


Observation of the analyses of vari- 


anee reveals a lack of statistical sig- 


nificance except for Series 2 where 
levels (which are interpretable as 
levels of initial coliform density) are 


significant at the five per cent level as 
is the interaction of levels 1 and hours 
IT or time T. 
this indicates 
of holding 


Kor practical purposes, 
that, within the 


times, 


scope 


and 


temperatures, 


TABLE I. 


Time Sample Held at 
5° F (hr 


12 24 


AND SAMPLE STORAGE 
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levels tested, there is little to be gained 
by holding samples lower than 45°F 
and equally little risk, with regard to 
change in coliform density, in holding 
the samples at this temperature for as 
long as 24 hr prior to analysis. 

It is significant that the coefficient 
of variation ranges from about 63 to 
114 per cent in these experiments and 
indicates that there is a large faetor of 
uncontrolled variability 
ples regardless of 
ments. 


among 
controlled 


sam- 
treat- 


This means that the combination of 
samples, laboratory techniques, and op- 
erators used in this work is not capable 
of resolving small or perhaps even me- 
dium differences in coliform density. 

Since the techniques are standard 
and the operators competent, the 
tendency is to believe that the samples 


Coliform Counts (MPN) at Different Population Levels, Holding Times, 
and Temperatures (MPN in 1,000’s) 


Time Sample Held at 
if hr) 


Time Sample Held at 
5 hr) 


a) Series 1 (Sept 24 


1 24 23 3 | B 
18 23 23 23 
2 24 49 33 13 
18 199 | 33 17 
; 24 33 1.5 5 | 
| 18 19 15 15 | 


Series 3 (Oct. 8) 


49 | 19 | 130 | 70 
11 23 3.12 
16 | 22 | 2 23 | 2B 
22 | 2 3 | 17 


49 | 22 | 2 2 33 


| 
Level No 
0 a 0 12 24 0 12 24 
D4 79 33 33 14 21 33 17 110 «679 
| 18 79 21 26 33 27 110 
2 24 130 22 5AO 33 13 79 79 
‘ites | 1s 170 22 1 HO | 79 13 79 70 22 
z 3 24 SI 16 33 56 i 33 23 170 4 70 
. | iS SI 70 33 56 16 23 170 64 70 : 
(b) Series 2 (Oct. 1) 
24 79 | 14 | 33 
| 1S 79 79 14 130 17 33 110 23 
4 2 24 17 | 23 | 33 | 
4 | 1S 17 2 7 | @B | 2 | 8 33 \7 13 
3 24 22 17 - 
18 27 27 23 79 22 49 17 22 23 
| | | 
3 Gn 
 ~ 
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TABLE IL. 


Time Sample Held at 


40° F (hr) 


3 


Total 


1 | 


are of erratic behavior and, until more 
sensitive microbiological techniques are 
invented or until a sampling procedure 
is found which this uncon- 
trolled variation down to an expected 
low level (say coefficient of variance 
= 20 per cent) more consistent results 
than these will probably not be avail- 
able. 


brings 


Summary 

1. Three series of experiments were 
made to ascertain the change in coli- 
form density of raw sewage samples 
stored at low temperatures for a 24-hr 
period. 

2. Analyses of variance of experi- 
mental data reveal that the changes in 
coliform densities were not generally 
statistically significant. 

3. In practice, sewage samples can 
be stored at low temperatures without 
risk of change in the coliform density. 
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Summary of Coliform Counts from 48-hr Reading 


rime Sample Held at 
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WASTES FROM THE SOFT DRINK 
BOTTLING INDUSTRY 


The purpose of this report is to pro- 
vide data that will permit rapid and 
reasonably accurate appraisal of plant 
from the soft drink bottling 
industry. Description of 
sources of wastes, pollutional loads and 
effects, and means of waste disposal 
The parameters of 
waste pollution presented should be 
used only in the absence of, or as a 
check on, actual plant data. The in- 
dustry has been well dispersed; how- 


wastes 


processes, 


are considered. 


ever, current technology calls for more 
efficient, centralized, establish- 
ments. With the de- 
mands for adequate water supply and 


larger 


centralization, 


waste disposal facilities may become 
critical and be of greater sig- 
nificance in selection of plant location. 

There is an absence of published 


more 


data concerning the wastes from bot- 
tling of soft drinks. This report con- 
tains information developed from ob- 
servation and study at three medium- 
to large-sized bottling plants where all 
liquid wastes were discharged to mu- 
Waste factors, pre- 
sented on a unit production basis, are 


nicipal sewers. 
representative of these operations. 


Background and History 


The ‘‘soft drink’’ refers to 
those non-alcoholic beverages which are 
generally sweetened, flavored, colored, 
and acidified, sometimes containing 
added minerals, and artificially im- 
pregnated with carbon dioxide. Some 


term 
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soft drink plants in the United States, 
in addition to bottling carbonated 
drink, produce relatively small quanti- 
ties of a similar but non-carbonated 
product known as ‘‘still drink.’’ 
Still drinks constitute about two per 
cent of the total quantity of soft 
drinks manufactured the 
country (Table I). For the purpose of 
this report, the term soft drink will 
refer to the entire product of bottling 
plants. 


across 


Natural carbonated waters were uti- 
lized in ancient times for ‘‘curative 
purposes.’’ As early as 1606, Libavius 
reported on the evaluation of mineral 
waters. In 1772, Priestley noted that 
artificially induced carbon dioxide 
gave a pleasant acidulated taste to 
water and that these waters resembled 
naturally occurring carbonated 


wa- 
ters. This is generally considered to 


be the beginning of the carbonated 
water industry. In the United States, 
in 1758, Dr. Philip Physick and Town- 
send Speakman formulated arti- 
ficially carbonated water that was uti- 
lized for treatment of the doctor’s 
patients. Speakman later added fruit 
juices as flavoring ingredients and is 
considered, particularly in the United 
States, as the founder of the carbon- 
ated beverage industry. In Europe, 
preparation of carbonated waters on 
a commercial basis was initiated by 
Paul in Geneva and Schweppe in Lon- 
don around 1790 (1). 

In 1954, 4,643 bottling plants in the 
United States produced over one billion 
eases of soft drinks (Table I) valued 
well in excess of a billion dollars (2). 
During that year consumption per 
capita approximated more than 155 


| 
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TABLE I.—Soft Drink Production in 1954 
from 4,643 Establishments* 


No, of 
Cases 


Type of Drink 


thousands 


Bottled carbonated drinks 
Kola 
Orange 
Lemon, lime, and lemon-lime 
Root beer and sarsaparilla 
Ginger ale 
Grape | 
Plain carbonated water and | 

club soda 

Other flavors 
Flavors not reported 

Bottled still drinks 
Orange 
Others 


Canned drinks 
All flavors 


Drinks sold in bulk 
(barrels, tanks, etc.) 


Total of all soft drinks 
*From 1954 Census of Manuf: 


Census, Department of Commerce 
tf Thousands of gallons 


bottles. In recent years there has been 
a trend toward 
consumption of soft drinks. 


inereasing per capita 

Demand 
for soft drinks is seasonal; some of the 
smaller bottling plants may virtually 
suspend operations during the colder 
months. In the warmer summer 
months the larger bottling plants may 
exeeed the average yearly production 
rate by 25 to 50 per 
plants experience even 


cent; smaller 


may greater 


inereases, 
Raw Materials 


The essential ingredients of carbon- 
ated soft drinks are water, sugar, car- 
bon dioxide, acids, flavors, colors, and 
salts. 
of drinks are given in 

Most of the by a 
plant is utilized for washing of used 
bottles. For this water of 
low hardness is preferred. <A 
of relatively high purity is required 
for the production of soft drinks. Wa- 
ter to be added to sugars and syrups 
and ultimately bottled, must be almost 
completely free of suspended matter, 
odor, air, alkalinity, and other 
substances which could the 
delicate flavors, colors, and appearance 


Compositions of common types 
Table 

water required 
purpose, 


water 


aly 
destroy 
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of the bottled drink or cause difficulty 
in plant operation. A soft drink estab- 
lishment very often finds it necessary 
to completely 
water to be 


treat incoming plant 
ultimately bottled even 
though this water is safe and palatable. 

Sucrose of cane or beet origin, and 
dextrose in conjunction with sucrose, 
the 


manufacture of 


sweetening 
soft 


lactose, 


used as 
the 
Levulose, 


are widely 
agents in 
drinks. maltose, 
other sugars, and saccharine are also 
employed, but to a much lesser extent. 
In cases where particular facilities are 
provided and the type of produet per 
mits, commercial syrups of cane, beet, 
or corn origin are employed directly 

1). Saccharine is an intense non- 
sugar or synthetic sweetener used for 
dietetie drinks. 

Carbonated beverages may be elassi 
fied into two large groups. The more 
these 
includes 
fruit-flavored drinks. 
often added to 
to intensify flavor and act as a pre 
servative. 


important of is the acid-type 


vingerale, and 
Citrie 
these 


which kola, 
acid is 
most beverages 


Phosphoric and tartaric 
acids are also widely used for these 
purposes. The second group of drinks 


are those of the non-acid type which 


includes the root beer and sarsaparilla 


flavored heverages. 
from 
materials of natural origin (e.g., fruit 
cells for true-fruit drinks 


Flavors are essences derived 


or synthetic 


TABLE II.—-Composition of Carbonated 
Beverages (from Reference 1) 


Kola flavors 
Cream (vanilla) 
Ginger ales 

Golden 

Pale dry 
Grape 
Lemon-lime 
Lime’ (lithia 
Orange 


Root beer 


* Represents different products and manufacturers 
4mmount of gas whieh 

t 60°F, and 760 mm pres- 

its that have been set by 


agreement, 


— 

= 

of Total 

- - 

$7,143 1.33 : 

90,016 8.2 

35 OFit 3.2 

12,712 

21,813 2.0 
19,325 1.8 
76,407 7.0 
| 
10,982 1.0 
7,764 0.7 

17,744 

7 
047,100 

turers, Bureau of 

i 

| 
Citric 

or ( t 

No. of |! en"! Gas Acid 

Flavor of Sugar 

Samples Brix Volumes? grain 
gal 

20 10.5 3.4 51 

15 11,2 2.6 9 
38 10.2 3.5 61 
$2 &.8 38 | 72 

a 12 13.2 2.2 56 
18 10.8 3.4 O05 
10 0.6 | 3.7 87 
ae | 30 13.0 | 2.1 105 

su 

f 
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SOFT DRINK BOTTLING WASTES 


BOTTLES FROM 


STORAGE OR 
TRUCKS 


TREATMENT BY CHEM 
ICAL COAGULATION, 
SETTLING , CARBON 
AND SAND FILTRA-— 
TION ,DEAERATION, 
ETC. DEPENDING 
UPON LOCAL WATER 
QUALITY AND PLANT 
DEMANDS. 


SOFTENED 


BOTTLE WASHER 


INSPECTION OF 
WASHED BOTTLES 


REFRIG. 
COMPRESSOR 
COOLER 


CARBONATED 
WATER 
TO FILLER 


CARBONATOR 


SYRUPER 


FILLER 


CROWNER 


LABELLER | 


FLOOR 
MIXER | WASHINGS 
INSPECTION OF 
FILLED BOTTLES 


SYRUP FEED 
STORAGE 


FLAVORED 
SYRUP 


origin, or are blends of the 


extract, vanilla, 


stances used for flavoring. 


Caramel 


tonka, 
of sassafras are some of the 


SHIPMENT OF 
FILLED BOTTLES 


FIGURE 1.—Flow chart for soft drink bottling plants. 


Kola 
and oil 
many sub- 
Flavors are 


two. 


correlated with appeal and palatability 
of a drink (: 

Coloring materials are derived from 
vegetable or animal origin, 


or may be 


comprised of one or more blended syn- 
thetic dye-stuffs. 
the most widely used coloring agent 


is probably 


Coloring agents make the bev- 


and other closely related drinks. 


erage more appealing to the consumer 
and frequently are associated with de- 
sired tastes. 


Mineral salts are essential ingredi 
ents in the case of soda water, vichy, 
Car- 


COp GAS 
SUPPLY 

[syrup 
>| MIXING 
[Storace on 
EIVING PLATFOR To 
SEWER 


SUGARS 
ETc. 


dioxide in the form 
added to all carbonated beverages. 


bon gaseous 


Description of Process 


The production of soft drinks in- 
volves essentially the introduetion of 
water, carbon dioxide, and a syrup 
(generally acidified, flavored, and eon- 
taining coloring agents) into a suitable 
clean container, usually a glass bottle. 
A supplemental process, necessitated 
by the use of refillable bottles, is bot- 
tle washing. Most of the steps in 
manufacture are handled by automatie, 
specialized Since food 
products are employed extensively, ex- 
treme care must be devoted to handling 


machinery. 
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of all materials in a clean and sani- 
tary manner. Spoilage of any in- 
eredient before addition to the liquid 
or in the final product cannot be 
tolerated. 

A flow chart for a typical soft drink 
bottling plant is shown in Figure 1. 
Preparation of the ‘‘simple syrup”’ 
stock solution, which is a mixture of 


sugar (generally 55 to 65 per cent 
by weight) in water, represents the 


first step in the making of soft drinks. 
The proper quantities of sugar and 
water for the preparation of simple 
syrups may be blended at the indi- 
vidual bottling plant, or the concen- 
trated syrup may be received by the 
plant in bulk. Acids, and 
colors are added to produce the fin- 
ished or ‘‘complete flavored’’ 
syrup. Some establishments 
only the finished syrups which need 
only to be filtered before subsequent 
admixture with carbonated water. 

Other essential operations within a 
bottling plant involve treatment of wa- 
ter; the cleaning, washing, and 
sterilizing * of bottles; and the filling 
of the clean containers with finished 
syrup and carbonated water. 

Water treatment to provide desired 
quality will differ widely depending on 
individual choice, plant requirements, 
and quality of water. <A 
typical water treatment scheme may 
consist of chemical coagulation, sedi- 
mentation, sand and carbon filtration, 
water ‘‘polishing’’ by means of filtra- 
tion through paper, chlorina- 
tion, and deaeration. lon exchange 
units are sometimes used. A water 
relatively low in hardness is desired 
bottles 


sinee lesser amounts of detergent are 


flavors, 


stock 


receive 


incoming 


porous 


for washing and cleaning of 


*<¢Sterilization’’ according to common 
terminology in the soft drink bottling in 
dustry refers to the destruction of undesirable 
microorganisms. This is more properly termed 
as ‘‘disinfection.’’ While sterilization can 
only be strictly defined as the destruction of 
all living organisms, industrial usage of the 
term is employed in this report solely for 


convenience. 
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required and the bottles are more easily 
rinsed free of cleaning solution. If 
hard waters are used, greater quanti- 
ties of phosphate must be used in 
build-up of the detergent cleaning so- 
lution for of chelating the 
hardness constituents. 


purypt Ses 


Various types of automatic machines 
are available for use in the essential 
bottle washing operation. These ma- 
chines must wash, clean, sterilize, and 
rinse clear all bottles. This operation 
generally consists of four steps: (a) 
feeding of bottles to the machine; ()b 
pre-rinsing; (¢c) immersion of bottles 
into a_ series of alkaline-detergent 
baths for washing, cleaning, 
sterilization; and (d)_ final 


and 
rinsing. 


After cleansing, an endless conveyor 
line takes the bottles to the filling 
machine. 


Liquid levels are maintained con- 
stant in the washing machine compart- 
ments containing the alkaline-deter- 
gent solution. solutions 
checked at regular intervals to ascer- 
tain if additional 
quired to maintain constant solution 
strengths. Studies (4) indicate that 
for proper washing of dirty bottles, 


are 


chemicals are re- 


the cleaning solution should be 3 per 
cent alkaline (30,000 mg/l), of which 
not less than 60 per cent is 
A minimum immersion time of 
5 minutes at a temperature of 130°F 
is specified. Other substances added 
to make up the cleaning solution may 
be sodium salts of phosphate, silicate, 
and carbonate. It has been found that 
the the 
sterilizing action of caustic soda. 

In the bottle-filling 
three-stage process is most commonly 
employed. A measured amount of the 
finished syrup is placed into each bot- 
tle or container as its passes through 
the unit known as the ‘‘syruper.”’ 
The bottles are then filled with carbon- 
ated water at the ‘‘filler’’ and immedi- 


ately crowned. 


caustic 


soda. 


weaker alkalies inerease 


operation, a 


There is an alternate 
and newer method of filling whereby 
the proper amounts of finished syrup 


4 
‘ 
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i 
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4 
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and water needed for each bottle are 
automatically metered, mixed, cooled, 
and carbonated. The resulting mix- 
ture is passed to the filler and bottled. 
All waters to be carbonated will gen- 
erally be cooled before introduction of 
vaseous carbon dioxide 
pressure, an 


since at any 
increase in gas 
solubility will be obtained with a de- 


crease in temperature. 


given 


Sources and Description of 
Liquid Wastes 


Possible sources of wastes from the 
manufacture of soft 
picted in Figure 1. 


drinks are de- 
Establishments re- 
ceiving complete flavored syrups will 
have no wastes associated with mixing 
and blending in preparation of these 
syrups. 

In-plant water treatment will pro- 
duce waste effluents and sludges from 
filter units and from 
removal of settled materials following 
chemical The character 
and quantity of wastes arising from 
treating water will depend on the qual- 
ity of the local water supply and the 
type of treatment units employed. 

Wastewater from the bottle washing 
machine 


backwashing of 


coagulation. 


continuous dis- 
charges from the pre-rinse and final 
rinse, and from intermittent dumping 
of the cleaning solution compartments. 


results from 


The alkaline cleaning solution may be 
utilized as five to six weeks 
with proper addition of chemicals at 
regular intervals to maintain 
solution strengths. 
is then wasted. 
Various 


long as 


desired 
The entire solution 


as left-over 
discarded cigarette 
butts, soil, mold, and other miscellany 
are removed from dirty bottles by the 
pre-rinse operation of the bottle wash- 


materials such 


drink, straws, 


ing machine. The wastewater leaving 
the pre-rinse, especially in the case of 
the modern machines, may be passed 


through a medium to coarse sieve or 
water strainer to prevent discharge to 
the sewer of large quantities of sus- 
pended matter. The final rinse waters 
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contain carry-over of the alkaline 
cleaning solution from the cleaning 
compartments. When incoming dirty 
bottles contain labels, these are re- 
moved immediately before the final 
rinse. If the labels are not removed 
from the wash waters by a _ water 
strainer or some other suitable device, 
large amounts of suspended matter 
may eseape to the sewer. Solids re- 
covered through of the 
wastewater from bottle washing are de- 
posited in the plant’s garbage disposal 
system. Some bottling plants reuse 
part of the final rinse as pre-rinse wa- 
ter which reduces spent water volumes 
emanating from the bottle washer. 

Other wastes are those which occur 
intermittently as a result of cleaning 
of the syrup mixing tank, syrup feed 
tank, syrup filters; 
spillage at the syruper and filler; and 
housekeeping. 


screening 


storage 


Method of Study 


Liquid wastes from soft drink bot- 
tling plants were evaluated by the 
Sewage Disposal Section of the City 
of Cincinnati. Waste samples were 
taken 24 hr/day for five consecutive 
days. Two such runs were made for 
two of the plants. Laboratory analy- 
ses on samples composited daily in re- 
spect to flow ineluded 5-day 20°C 
BOD, suspended solids, alkalinity, and 
pH, and were performed according to 
**Standard Methods”’ (5). 

The individual bottling plants pro- 
vided data on production during the 
sampling periods and information on 
manufacturing procedures. 

Data were compiled on the basis of 
a production unit of 1,000 standard 
cases of manufactured product. <A 
standard case was established as 1.5 
gal of processed drink. The standard 
case approximates the contents of an 
average case from a plant processing 
mixed bottle sizes and permits com 
parison of unit factors the 
various plants studied. These plants 


among 


i 
| 
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TABLE III.—Waste Analyses of the Effluents 
From Soft Drink Bottling Plants 


} Alkalinity 
Suspended 
Solids 


5-day 

BOD 
Pheno. | Total mg, 1) mg | 
mg/l) | (mg/)) 


Range of 


Plant Daily pH 


A |10.6-11.4) 230 390 380 170 
B |10.0-11.2) 100 | 250 | 660 160 
C |10.4-11.2) 110 | 220 | 250 340 


Avg 150 | 290 130 220 


processed more than one type of drink 
in various bottle sizes. 

Additional BOD, total solids, acidity, 
and pH determinations were made on 
some of the common soft drinks to fa- 
cilitate understanding of the bottling 
plant wastes. 


Results 


Analyses of the liquid waste from 
plant operation during the periods of 
study are shown in Table Ill. These 
were weighted with respect to daily 
flows. 

The pH of the wastes were high 
10.0 to 11.4. The BOD 
250 to 660 mg/l, the 
being associated with greater volumes 
The average BOD was 430 
mg/l. Suspended solids varied from 
160 to 340 mg/l and averaged 220 meg 
1. ‘Total alkalinity 290 
me 

As was expected and normal to this 
type of operation, the composition of 
the daily samples varied appreciably. 
The maximum daily BOD, suspended 
and alkalinity exceeded the 
weighted mean average for the indi- 
vidual plant by as much as 200 per 
cent. The minimum values approxi- 
mated 30 per cent of the average re- 
sults. Variations in daily flow were 
not great 


varied from 


lower values 


of waste. 


averaged 


solids, 


ranging from 75 to 125 per 
cent of the average. Sanitary sewage 
was not a significant portion of the 
total waste loads. 

Laboratory determinations made on 


some carbonated soft drinks are shown 
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in Table IV. The drinks were high 
in BOD, total solids, and acidity, and 
low in pH. BOD and total solids aver- 
71,200 and 116,200 mg/l, re- 
spectively, whereas total acidity aver- 
aged 1,870 mg/1. 


aged 


Discussion 


The soft drink bottling plants in- 
vestigated are considered to be repre- 
sentative of medium to large installa- 
tions. Small 
somewhat 
waste loads 
automation. 


plants may discharge 
unit 


due to 


production 
in-plant 


greater 


less 


BOD and Suspended Solids 


In order to develop data that may 
be compared among the plants, Table 
V was prepared to show effluent waste 
loads per unit factor of 1,000 standard 
CaSeS. 

The bottling studied 
charged wastes containing 24.0, 29.0, 
and 39.4 lb BOD, 
1,000 standard cases processed. 


plants dis- 
respectively, per 
The 
average of 30.8 lb is equivalent to the 
oxygen demand of the from 
185 people. Inspection of the plants 
indicated that bottle 
washing machine would constitute the 
BOD 

Measurements 


wastes 


waste from the 


major source of the load dis- 


charged to the sewer. 


of leftover liquid from a representative 


number of soft drink bottles and ap- 


plication of the average BOD value 
listed for various types of soft drinks 


in Table IV verified the above con- 


TABLE IV.—-Five-Day BOD, Total Solids, 
Acidity, and pH of Carbonated 
Beverages 


BOD 
mg, | 
Mineral Total 
Coca-Cola 67,400 | 114,900 
Pepsi-Cola 79,500 | 122,000 
Mission Orange 84,300 | 141,300 
Wagner Lift 64,600 110,800 
fom Collins, Jr 66,600 106,900 
Canada Dry 
Quinine Water 64,500 | LO1,300 


Avg 71,200 116,200 


f 

: 

> 

; 

: 

pH 

24 
2.4 

2.5 

3.0 

3.4 
24 : 

: 


clusions. Results indicated that nearly 
30 lb BOD per 1,000 standard eases, 
comprising most of the BOD in the 
total plant waste flow, can be at- 
tributed to residual drink left in the 
bottles by the consumer. 

Of the three plants studied, Plant 
( (Table V) discharged the greatest 
amount of BOD per unit of production. 
This was due to additional operations 
concerning in-plant mixing and blend- 
ing of syrups, and the presence in the 
wastewater of greater quantities of ma- 
terials associated with label removal 
from bottles. Both Plants A and B 
received simple or complete flavored 
stock syrups for plant use and proe- 
essed relatively small numbers of 
paper labeled bottles. 

The suspended solids discharged 
from the three bottling plants varied 
from 7.1 to 54.2 Ib 1,000) standard 
cases processed. The average of 24.1 
lb is equivalent to the sewage solids 
from 121 persons. In Plant C the 
labels were the major factor in econ- 
tributing to the significantly higher 
amounts of suspended solids in the 
plant effluent. The suspended ma- 
terials in the spent pre-rinse waters 
at Plants A and B were removed by 
screening devices at the pre-rinse over- 
flows. The BOD and suspended solids 
concentrations of the daily composites 
within each plant varied with differ- 
ences in daily cleanup schedules and 
to a lesser extent on the quantities of 
water employed for rinsing of used 
bottles and cleanup operations. 

Although the soft drink bottling in- 
dustry is classified as one of the smaller 
industries, computations based on 
annual production figures indicate that 
the oxygen-demanding properties of 
the total wastes from all plants for an 
average processing day may exeeed 
that of the municipal wastes from a 
city of 1.0 million people. During the 
summer or peak season, the waste load 
for the average day will probably ex- 


ceed an equivalent of 1.5 million popu- 
lation. 


Vol. 33, No. 2 SOFT DRINK BOTTLING WASTES 


173 


TABLE V.—-Waste Loads Discharged from 
Soft Drink Bottling Plants per 1,000 
Standard Cases 


gs 
Wastewater | 5-day BOD = uspended 
A 7,600 | 24.0 | 11.0 
B 6,300 | 29.0 | 
C | 19,200 | 39.4 54.2 
Avg 10,700 30.8 24.1 


Alkalinity and pil 


The liquid effluent from soft drink 
bottling is relatively high in alkalinity 
and pH due to carry-over of alkaline 
detergent solution to final rinses and 
pre-rinses. Daily composites of the 
spent waters from bottling plants ex- 
hibited pH values ranging from 10.0 
to 11.4, and contained 100 to 800 mg/1 
total alkalinity although the average 
was 290 mg/l (Table IIT). 


Wastewater Volumes 


Water requirements depend on in- 
dividual plant operating practices, 
particularly in respect to bottle wash- 
ing, and to a lesser extent, on the costs 
of raw water and costs of disposing 
of liquid effluents. Average wastewater 
volumes from the various plants 
ranged from 5,300 to 19,200 gal/1,000 
standard cases processed. The mean 
average was 10,700 gal (Table V). 
Most of the water is used in the con- 
tinuous pre-rinses and final rinses of 
the bottle washing machine. Water is 
conserved in the bottle washing ma- 
chine by return of final rinse water 
to the initial rinse operations. 


Housekeeping and Recovery 


These studies indicate that a large 
majority of the BOD in the plant waste 
originates from the pre-rinse_ dis- 
charges containing drainings of un- 
used drink from ineoming bottles. 
The bottled liquids contain about 10- 
per cent sugar and have a BOD of 
approximately 70,000 mg/l. Considera- 
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tion should be given to disposing of 
these liquids in some other fashion. 
Possibly, the drained liquid, or the 
dried residue which is primarily sugar, 
could be salvaged for other uses such 
as animal feed. The wastewater from 
the bottle washing machine should be 
passed through adequate screening de- 
vices to remove suspended solids such 
as labels, mold, butts, and 
miscellany. The washing of bottles 
that do not have labels results in a 
gross waste having less BOD and sus- 
pended matter. Table V that 
the weight of waste suspended solids 
per unit of production in one plant 
was 5 to 8 times greater than that of 
the other two, attributed primarily to 
the washing of bottles with labels 

The compartments containing 
line detergent cleaning solution 
generally dumped only when these so 
lutions can no longer be regenerated. 
This practice, usually followed quite 
closely due to the cost of 
necessary for makeup of the caustic 
cleaning solution, wastewater 
discharges. 


cigarette 


shows 


alka- 


are 


chemicals 


reduces 


Disposal of Liquid Wastes 


The bulkiness of soft 
their relatively low 
long distance shipment uneconomical. 
Therefore, most soft drink manu- 
facturing plants are or will be located 
within close proximity to centers of 
population and use municipal waste 
handling facilities. The plants studied 
followed this practice. Discharge to 
municipal sewers is one of the best 
means of waste handling from a plant 
standpoint, treatment 
ultimate disposal then become a fune- 
tion of the municipal system. The 
availability of adequate waste disposal 
facilities should be an important fae 
tor influencing plant location. 

Generally, there will be no extra 
maintenance or wear in regard to mu 
nicipal sewers accepting bottling plant 


and 
make 


drinks 
price 


because and 


wastes, and efficiencies of the various 
treatment units in the municipal plant 
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should not be seriously affected pro- 
vided the units have adequate capacity 


(6). 
Summary 


Soft drink bottling plants in the 
United States produce over a billion 
cases per year. The total liquid wastes, 
from this billion-dollar industry for 
an average processing day in the sum- 
mer or peak season, probably exceed 
in oxygen demand that from the mu- 
nicipal sewage of a city of 1.5 million 
population. 

Liquid wastes emanate from bottle 
washing, water treatment, washing of 
equipment, and housekeeping. Most 
of the waste load comes from the con- 


tinuous rinses of the bottle washing 
machine. 
The bottling plants under study 


discharged an average of 10,700 gal of 
wastewater, 30.8 lb of 5-day BOD and 
24.1 lb of suspended solids per 1,000 
standard The pH values ap- 
proximated 11.0 and the total alkalin- 
ity averaged 290 mg/l. Most of the 
BOD in the total plant wastewater 
originates from the draining of left- 
over drink from used bottles. It may 
be economically feasible to dispose of 


cases. 


these liquids separately by reclama 
tion Water is 
served by reusing part of the final 
rinse water as pre-rinse. If the spent 
pre-rinses that contain molds, 
used straws, cigarettes, and other 
rinses from bottle washing containing 
labels through adequate 
screening devices, the amount of sus- 
pended discharged may be 
greatly reduced. The compartments 
containing alkaline detergent cleaning 
solution are generally dumped only 
when it is no longer feasible to add 
proper chemicals for regenerating the 
used solutions. 

Soft drink bottling plants are gen- 
erally located close to centers of popu- 
lation. Discharge to municipal sew 
ers appears to be the best means of 
waste disposal. Water supply and 


for other usage. con- 


may 


are passed 


solids 
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WATER POLLUTION CONTROL 
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MANNING’S COEFFICIENT CALCULATED 


FROM TEST DATA 


Don E. Bloodgood and John M. Bell 


In 1889 Robert Manning (1) pro- 
posed the use of his formula because he 
demonstrated that it gave calculated 
values that were very close to the ob- 
served reported by 


coefficients 


others 
that in his 
opinion represented the roughness of 
the channel. It is, therefore, believed 
that he was attempting to provide a 
simple empirical formula, 
indication in his writings that he be- 
lieved that the coefficient would vary 
with conduit size or depth of flow. At 
that time Manning presented the fol- 
lowing formula 


velocities 


when he used 


There is no 


V = CVSg 


(0.22 
RI+ ; (R — 0.15 m) 


where: 


V represents the mean velocity in sec- 


onds for all measures of length; C is a 
coefficient which varies with the 
of the bed; 

S is the sine of the angle of inclination 
of the surface ; 


nature 


R is the mean radius or mean hydraulic 

depth ; 

g is the velocity acquired by a falling 

body in a second of time; and 

m is the height of the column of mer- 

cury which balances the atmospheric 

pressure (taken as 30 English inches 
The present-day Manning Formula 


1.486, 


Don E. Bloodgood is Professor of Sanitary 
Engineering and John M. Bell is a Graduate 
Assistant at Purdue University, Lafayette, 


Ind. 


modified in 
since the original presentation. 


has been some respects 

The n value may of necessity include 
all unknown factors that influence the 
velocity of flow in a conduit. In at- 
tempts to obtain more precise values 
and to understand the factors that in- 
fluence » a number of people have re- 
ported on their tests and opinions. Il- 


lustrative of 9 


these are: Camp 
, and Schmidt (4 
the information on 7 
values seems to indicate that the choice 
of a value should 
vide some margin of safety in design. 
The uncertainty of the values for n 
in common 


C‘osens (3 
In general, 
be such 


as to pro- 


use has prompted 
writers on the subject to recommend 


further study and testing. 


most 


Test Materials 


It was with the hope of clarifying 
the matter of n values that research was 
undertaken to test pipelines of differ- 
ent materials, slopes, and sizes. 

The pipe used in the tests was laid 
on the desired grade on a trestle and 
the slope was established with greater 
care than could be expected in sewer 
installations. A typical installation is 
shown in Figure 1. All types of pipe 
used in these tests were purchased from 
plumbing supply houses, distributors, 
or directly from the manufacturer, and 
no particular care was used in selecting 
the The the 
trestle were about 300 ft in length and 
at the start of the series of tests herein 


sections used. lines on 


reported, there were seven points along 
the line where taps were made so that 
piezometer tubes could be installed. 
Later in the test period two additional 
taps were made for piezometers in the 
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clay and cement-asbestos pipes in the 
f-in. sizes. There were some variations 
in the depths measured with the piez- 
ometer tubes Openings were there 
fore made in the top of some of the 
pipes so that depths of flow could be 
measured directly and the surface of 
the water observed. The direct meas- 
confirmed the 
The locations of all 
openings are shown in Table I. 
In these f-in. 4-ft 


urements piezometer 


measurements. 


tests, 


vitrified 


MANNING’S 


n VALUES 


clay, 4-in. X 5-ft centrifugally spun 
cast iron, 4-in. 10-ft cement-asbestos, 
S-in. vitrified elay, and 8-in. x 
13-ft cement-asbestos pipe were used. 

The vitrified clay pipe was put to- 
vether with plastic compression-type 
joints lubricated with a commercial 
soap. 

The joints of the centrifugally spun 
cast iron were made by a plumber who 
oakum and lead caulking as in 
standard practice. 


used 


FIGURE 1.—Test installation showing clay, cement-asbestos, and cast iron pipe 
in place on trestles. 


| | 
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TABLE I. -Piezometer Taps and Other Openings Locations in the Test Lines, 
Given in Feet from Discharge End of Pipe 


t-in. Cast | 8-in. Cement 
Station | 
Number 
Piez. 
16.0 
55.0 
SL.O 
120.0 
145.5 
185.0 
224.0 
250.0 


276.0 


The cement-asbestos sections of pipe taken from a municipal system. 


A sup 
were connected with rubber rings and ply was maintained in storage tanks 
collars furnished with the pipe and the such as are shown in Figure 2 and it 
lubricating soap used in the joints was was reused. The rate of flow for each 
supplied by the manufacturer of the test was obtained by measuring the 
pipe. head on a calibrated combination V- 


The water used in the tests was notch-rectangular weir as the flow 


FIGURE 2.—Water storage and feeding arrangement for pipe testing installation. 
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passed into a stilling tank from which 
the water entered the line being tested. 


Tests Conducted 


The selected rate of flow was estab- 
lished and maintained until it was cer- 
tain that there was equilibrium in the 


test line. The flow was maintained 


until a series of readings could be ob- 
tained. 


At the different slopes, rates of flow, 


and sizes of each pipe material, there 
were 57 separate tests made, 23 each 
with cement-asbestos and clay and 11 
with cast iron. There were 872 depth 
of flow readings taken and n values 
computed. 


Depth of flow readings were taken 
for the 4-in. pipe tests with slopes of 
0.0025 and 0.004, and for flows in in- 
crements ranging from 2.60 to 53 gpm. 
lor the 8-in. pipe tests, depth of flow 
readings were taken with a slope of 
0.004 and for incremental flows vary- 
ing from 10.0 to 202 gpm. 


There were 381 n value computations 


for clay pipe, 387 for cement-asbestos 
pipe, and 104 for cast iron pipe. 


TABLE II._Illustration of Arrangement of n Values for Statistical Consideration * 
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Estimation of the true n value for 
each type of pipe and at each or both 
slopes was made from the sample data. 
The estimation used in each case was 
the mean or arithmetic average. The 
choice was governed by the fact that it 
is known that the best and also an un- 
biased estimate of a population or true 
mean is the sample mean. 

When there is more than one vari- 
able, experimental data are best ana- 
lyzed by one of the most powerful 
tools of statistical analysis 
variance. 


analysis of 
Basically, it consists of clas- 
sifvying and cross-classifying statistical 
results and testing whether the means 
of a specified variable differ signifi- 
cantly. In this way it is determined 
whether the given variable is important 
in affecting the results. A reference 
to the statistical methods used (5) de- 
scribes the procedures used in these 
analyses. 

In this particular study an analysis 
of variance answers the following ques- 
tions: (a) Does the type of pipe, slope, 
or flow rate, have a significant effect 
on the n value of a pipe? and (b) Are 


Clay Pipe 


Cement-Asbestos Pipe 


Slope Slope 


| 0.0025 


* 


0.004 


0.00772 0.00564 
0.00638 0.00564 
‘ 0.01126 0.00397 
2 60 t 
to 4.3 0.01302 0.00477 
O.OLLS87 0.00477 
0.01025 0.00448 | 


| 


nm values not. included in table for flows 
plete data are not given in any case. 


j 
0.0025 | 0.004 | 


0.01806 
| 


0.00783 0.00727 | O.OL007 
| 0.00783 0.00727 | 0.01092 
13.0 to 15.0 | 0.01095 
O.OLLSY 
| 0.01095 
| 0.01131 
to 24.0 0.00851 0.00778 0.0098 
0.00813 0.00778 0.01100 


0.00559 
0.00559 


0.00770 
0.00770 


0.00775 
0.00775 


| 


| 


0.0025 


0.00378 
0.01852 


0.00438 
0.01335 


0.00421 
0.01196 


0.004 


0.00284 
0.00284 


0.00457 
0.00457 


0.00496 
0.00496 


of 31.0 to 36.8 gpm and 48.0 to 53.0 gpm, and com- 


Cast Iron Pipe 
Flow (gpm Slope 
| 
| 
| | 
| 
| 
| | | 
| | 
| 
| | 
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TABLE III.--Data Compiled in the Statistical Consideration 


Cement-Asbestos Pipe Cast lron Pipe 


Statistical 


Plow (gpm Item* 


Slope Slope 


0.0025 0.0040 0.0025 0.0040 0.0025 0.0040 


2 7 13 
0.22572 0.34104 232 0.35061 0.069034 0.08280 
13.0 to 15.0 0.00823 0.00832 ) 0.00855 0.00991 0.00637 


0.002 1388694 0.00234235227 0.0021800405 0.0035399195 0.0007053274 O.0005617250 


0.00204 0.00382 0.00368 0.0017 O.00169 
19 1 28 4 7 14 

1 0.1646 0.31042 22577 0.532308 0.06464 0.08914 

18.8 to 24.0 1 0.00866 0.00757 OO806 0.00828 0.00924 0.00637 
0.0015014981 0.0027295336 0019913847 O.00290561818 0.006041661 0.000605 1778 

0.00206 0.00308 00253 0.00273 0.00104 0.00169 


18 28 7 14 
0.1688 0.35119 0.37262 0.06782 0.10888 
31.0 to 0.00938 0.00857 0.009098 0.009080 0.00788 
0.0016029960  0.0032027517 0.0006603570 O0.0008825488 
0.00106 0.00267 0.00193 0.00072 0.00164 


19 12 14 7 
0.17795 0.35038 250790 0.09334 0.06732 0.10834 
418.0 to 53.0 0.00937 0.00834 OORUH 0.00667 0.00062 0.00774 
0.0016705993 0.0031011164 0022734347 | 0.000635677 
0.00048 0.00209 0.00099 0.00042 0.00143 


0.00910 0.00820 0.00844 0.009081 000708 


* Key to statistical iten 
n = Manning's 
. = Number o 

sum oins wit 

= average n within ¢ 
sum of squared 7 
standard error of 

= weighted average of 7 


there any interrelations between two or therefore, appear as cells of n values, 
more of the variables? as illustrated in Table IT. 

Jecause it was not possible to main- 
tain flows in the 8-in. lines comparable Four-Inch Pipe Tests 
to those in the 4-in. lines and have 
similar slopes, it was deemed necessary 
to analyze the data from the two sizes 
of pipe on a separate basis. 


The first test made on the data was 
to determine whether the variances of 
the measurements within the cells 
(Table IIL) differed from cell to cell. 


In statistical analysis of this type, 
One of the basie assumptions in analy- 


the computed n values are grouped ac- 
cording to the conditions of the test 
under which they were performed. In “YETY cell are the same. 

this study the conditions were flow, rhe results showed that the data at 
slope, and type of pipe. The data, the lowest flow rates were not suitable 


sis of variance is that the variances for 


for use and it was decided to disregard 
the data obtained at the low flow rates 
2.60 to 4.32 gpm 

The data used in the statistical con 
| rr sideration are summarized in Table IV. 
[Cons Con The results from the study of the 


TABLE IV.—Computed n Values*for 4-In. 
Pipe at Slopes of 0.004 and 0.0025 


Material 


Jeviation| fidence 


| imits + 4-in. pipes at the two slopes show that 


0.0025 cast iron 0.00961 | 0.00108 | 0.00040 average Manning’s n values were: (¢ 
0.0040 | 0.00708 | 0.00167 | 0.00045 
0.00910 | 0.00165 | 0.00036 east iron, 0.00835: (b) clay, 0.00865: 
| 0.00820 0.00295 0.00045 
cement-asbestos) 0.00862 | 0.00222 | 0.00041 and (c) cement-asbestos, 0.00853. Table 
0.0040 | 0.00844 | 0.00279 0.00047 ‘ 3 
IV shows the average n value for each 


2 
l 80 : 
| 
4 
3 
Reve s within cel 
ae ies within cell, and 
Values 
‘ 
: 
| 
Slope 
ag 
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type of pipe, the standard deviation, 
and the 95-per cent confidence limits. 

Table V shows with a 95-per cent 
confidence the limits of the true values 
of Manning’s n for each type of pipe 
at the slopes and flow rates tested. 

The analysis of variance test indi- 
cates that there is no significant differ- 
ence in the n values for any of the 
three types of 4-in. pipe. 

It can be said with a confidence of 
99.9 per cent that the slope of the pipe 
does affect the 4-in. 
pipe tested. 


the n values of 

It can be said with a 95-per cent 
confidence that the flow rate does affect 
the n value. 

The factors of pipe material, flow 
rate, and slope of line may be signifi- 
eantly interrelated and if so such an 
effect is usually difficult to see in the 
data. The analysis of variance test 
revealed 
which 


significant interaction 
the following 
ment: There is 99-per cent confidence 


one 
provides state- 
that some of the types of pipe have 
lower n values at a particular slope. 
The computed n values for clay and 
cast iron pipe are significantly lower on 
the average for a slope of 0.004 than 
they are for a 0.0025 slope. 


Eight-Inch Pipe Tests 


The the 8-in. pipe 
handled statistically in the same man- 
ner as from the 4-in. lines. The data 
used in the statistical analysis are given 
in Table VI. 

The results from the study of the 8- 
in. pipes at a slope of 0.004 show that 
the average Manning’s » values were: 

a) cement-asbestos, 0.01037 : (b) 


data for were 


and 


TABLE V.—True n Values for 
Test Conditions 


Slope Material and Size Range of n Values 
0.0025 4-in. cast iron 0.00921 to 0.01001 
| 4-in. cement-asbestus | 0.00821 to 0.009035 

+ t-in. clay 0.00874 to 0.00946 
0.004 | 4-in. cast iron | 0.00663 to 0.007538 


cement-asbestos 
clay 


0.00797 to 0.00891 


+ 0.00775 to 0.00865 
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TABLE VI.—Statistical Summary of Data for 
tha 8-In. Pipe at a Slope of 0.004 


Flow | Statistical | Cement-Asbestos 


Clay Pipe 


(gpm) tem* | Pipe 
N 18 18 
10.0 mn 0.20618 0.19444 
P n 0.01145 0.01080 
Sn? | 0.0024580254  0.0105187749 
N 18 
0 0.19359 0.18708 
n 0.01076 0.01039 
rn? 0.0045850435 0.0126261665 
N 18 18 
138 =n 0.17180 0.18538 
on n 0.00954 0.01030 
=n? 0.0062470591 | 0.0146146455 
| 18 
200) =n 0.17520 0.97519 
0.00973 0.00973 
Sn? | 0.0079783365 


0.01637087 12 
n 0.01037 0.01031 

* Key to statistical items: 

Manning’s n, 

N = Number of observations ~ within 


= 


cell, 
Sn = sum of n’s within cell, 
nh = average n within cell, 
= n? = sum of squared n values within cell, 
s = standard error of n values within 
cell, and 
n = weighted average of n values. 


clay, 0.01031. Table VII shows the 
average n value for each type of pipe, 
the standard deviation, and the 95-per 
cent confidence limits. 

It can be said with a 9%5-per cent 
confidence that the true values of Man- 
ning’s n for each type of 8-in. pipe 
tested lie between the limits of 0.00957 
and 0.01105 for elay and 0.00995 and 
0.01079 for cement-asbestos. 

The analysis of variance test indi- 


TABLE VII.—-Average n Values for 8-In. Pipe 


at a Slope of 0.004 


| 95-Per Cent 
Average 


Material be Confidence 
eViation 
| aAmits + 
Clay 0.01031) 0.00820) 0.00074 


Cement-asbestos 0.01037 0.00181) 0.00042 
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cates that there is no significant differ- 
ence in the mn values between 8-in. 
cement-asbestos and 8-in. clay pipe. 

It can be said with a confidence of 
99.9 per cent that the rate of flow does 
have an effect on the » value of the 
pipes tested. 


Comparison of Pipe Materials 
and Sizes 


As mentioned earlier, it was neces- 
sary to analyze the two different sizes 
of pipe separately because of the sig- 
nificant difference between the condi- 
tions under which each size of pipe was 
investigated. Nevertheless, it still re- 
mains desirable and also possible to 
determine whether the n value should 
be the same for pipe of different sizes 
Such a determination can only be made 
by using the data where two sizes of 
pipe were tested at coincident slopes 
and flow rates or depth-diameter ratios. 
There are, therefore, less available data 
for this analysis than there were for 
the analysis of the lines when con 
sidered separately. 

The average n values obtained from 
tests conducted at the same slope 
(0.004) and similar flow rates (10 and 
50 gpm) are 0.00823 for 4-in. clay and 
cement-asbestos pipe and 0.01085 for 
8-in. clay and cement-asbestos pipe 

The average n values obtained from 
tests conducted at the same _ slope 
(0.004) and similar depth-diameter 
ratios (0.230 and 0.475) are 0.00823 
for 4-in. clay and cement-asbestos pipe 
and 0.01015 for 8-in. clay and cement- 
asbestos pipe. 

The average » value for 4-in. clay 
and cement-asbestos pipe as computed 
was found to be less than for 8-in. clay 
and cement-asbestos. The question may 
be asked then, whether the difference 
in n value is significant and, if so, 
whether it could be due to the effect of 
the size of pipe, or to the flow rate, or 
even to the depth-diameter ratio. 

To answer these questions an analy 
sis of variance was made on only those 
data where the two sizes of pipe had 
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coincident flow rates and depth-diam- 
eter ratios. The analysis reveals that 
in either the case of classifying accord 
ing to flow rate or depth-diameter ratio 
the only significant effect was the size 
of pipe. It ean be said with a econfi- 
dence of 99.9 per cent that the n value, 
to be used in precisely computing flows 
in pipe, should be different for pipe of 
different size but of the same material. 
In a recent publication (6) it was 
indicated that the n value would change 
with a change in the ratio of depth of 
flow d to diameter of pipe D. It was 
not possible with the data taken to de- 
termine the effect of d/D on the n val- 
ues for the entire range of dD. The 
two ratios of d/D available from the 
test data for comparison with the 
graph from (6) were 0.230 and 0.475. 
The published graph does not show any 
significant difference in the n value at 
these two d/D ratios. This insignifi- 
cance of the effect of d/D change at 
these two ratios is confirmed by the 
fact that non-significance was obtained 
in the analysis of variance of the data 
used to compare the two sizes of pipe. 


Summary 


In summary, it was found that the 
slope, the flow rate, and the size of pipe 
are all significant and that an n value 
must be used that takes into account 
all of these effects. However, it was 
found that the type of pipe material 
does not necessitate that a change in n 
value be made when computing flow in 
a pipeline. 

It is of interest and importance to 
note that all of the variables shown to 
be significant in affecting the n value 
of a pipe are directly related to the 
depth-diameter d/D ratio. The flow 
rate at a particular slope will affect the 
depth d of flow. The slope of the pipe 
at a particular flow rate will affect the 
depth d of flow. The size of pipe af- 
fects the diameter D of the pipe. This 
leads to the belief that the depth-di 
ameter ratio d/D is the principal facter 
involved in the selection of an m value 
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for a particular pipe. Further sub- 
stantiation of the effect of the depth- 
diameter ratio should be carried out 
beeause only a small portion of the 
entire data collected in these tests was 
suitable for evaluation .of probable 
changes in n values needed to com- 
pensate for changes in the depth-di- 
ameter ratio. 


Conclusions 


1. It was found with a confidence of 
99.9 per cent that the n value for a 
4-in. line varies with the slope. 

2. It was found with a confidence of 
95 per cent that the n values for the 
4-in. lines tested varied with a change 
in the rate of flow. 

3. The analysis of variance test in- 
dicated that there was no significant 
difference in the n values ecaleulated 
from the test data colleeted for 4-in. 
clay, cement-asbestos, or centrifugally 
spun cast iron pipe. 

4. Ranges of n values for the 4-in. 
east iron, cement-asbestos, and clay 
pipe at two slopes tested were deter- 
mined with a 95-per cent confidence. 
The values are shown in Table V. 

5. The tests showed with a confidence 
of 99 per cent that the n values for 
clay and cast iron are significantly 
lower on the average, for a slope of 
0.004 than they are for a slope of 
0.0025. 

6. It was found with a confidence of 
95 per cent that the true value of 
Manning’s n for each type of 8-in. 
pipe tested at a slope of 0.004 slope 
varied from 0.00957 to 0.01105 for elay 
and from 0.00995 to 0.01079 for ee- 
ment-asbestos. 

7. The analysis of variance test in- 
dicated that there was no significant 
difference in the n values calculated 
from the 8-in. cement-asbestos and 8- 
in. clay pipe tests. 
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8. The tests showed with a confidence 
of 99.99 per cent that the rate of flow 
had an effect on the n values calculated 
from the data collected during the 8-in. 
pipe tests. 

9. It was found with a confidence of 
99.9 per cent that the n values eal- 
culated from the 4-in. and 8-in. pipe- 
line tests were significantly different. 

10. With a confidence of 99 per cent 
the average n value caleulated from 
the 4-in. clay and cement-asbestos pipe 
data taken at a slope of 0.004 was less 
than the average n value calculated 
from the 8-in. clay and cement-asbestos 
pipe data taken at a slope of 0.004. 

11. The depth-diameter ratio d/D 
appears to be the principal factor in 
the variation of n values obtained from 
the test data. 
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MAINTENANCE COST OF SANITARY 
SEWERS IN PHOENIX 


Art F. Vondrick 


The problems of sewer maintenance 
are and continu 
ously. But just what is sewer main 
tenance? Possibly, it is best defined 
by enumerating the essential purposes 
of a maintenance program: 


discussed reviewed 


1. To prolong the life of sewer pipe. 

2. To maintain serviceability of the 
sewer system, 

3. To maintain hydraulic character- 
istics of the sewer, 

4. To prevent clogging and subse- 
quent possible damage by 
and 

5. To prevent odors from develop 
ing. 


surcharge, 


These, and perhaps some others, are 
essential from the standpoints of 
economy, efficiency, and, in a varying 
degree, public relations. To reap the 
fruits of economy, efficiency, and pub- 
lie relations requires a program of in 
These 
three facets of the program follow one 
another in logical 
interdependent. The repair phase is 
the most costly phase, and the effective 
ness of inspection and servicing can 


spection, servicing, and repair. 


sequence and ar 


do a great deal to minimize this cost 

Aside from the economy standpoint, 
i.e., the avoidance of expenditures for 
repairs, the motive of self-defense is 
strongly threaded through the 
losophy of preventive 
Ask any sewer maintenance man. He 
will say that major stoppages, flooding, 


plil- 
maintenance, 


Art Vondrick is Assistant Wat 
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The paper was pres 
Veeting of the Arizona 
Works 


1960, 
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cave-ins, ete. always happen at mid 
night or on a Sunday afternoon when 
he is at the ball park. Literally this 
isn't always true, but these instances 
occur often enough to be 
Self-defense ? 
official 
pride at low 


forever re- 
membered. Certainly 
point with 

costs, but 


every likes to 
maintenance 
these same officials are just as proud 
to boast about undisturbed sleep and 
week ends without worry. 


Factors in Maintenance Costs 


Finding a common denominator for 
the expression of maintenance costs of 
different difficult if 
not impossible. Such terms as dollars 
per mile of sewer or dollars per 1,000 
population are unrealistic and mean- 


sewer S\ stems iS 


ingless for comparative purposes. 


In most cases, there are too many 
variables to permit a true comparison. 
It is best then for the utility officials 
to think in terms of methods of getting 
the job done with the least possible 
that nothing 


comparisons with 


cost. This is not to say 


can be learned by 
fellow neighboring utill- 


On the contrary, this exchange 


operators or 
ties, 
of ideas is about the only way there is 
to solve the problem. 


E fhe ctl oft Clinate 


There are many factors which influ- 
ence maintenance 


tant 
tion without doubt is more expensive 


COSTS. 


One impor- 
factor is climate. Winter opera- 
than operation during other seasons 
of the year, if for no 
than the 
Snow 


other 


reason 


extra man-hours required 


and ice naturally make man 


holes, eleanouts, and other appurte- 
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i 
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harder to 
found, 


nanees after 


with. 


and 


work 


find, 
they're harder to 
gasoline 


torches are required to thaw out man 


Thawine devices such as 
hole covers, conerete aggregate, water, 
and the 


digging easier 


even frozen 


ground to make 
and contrary to some 
beliefs, men do not work more vigor- 
ously in cold weather to keep warm. 

In warm climates there may be diffi- 
culty with hydrogen sulfide. If the 
dissolved oxygen in sewage Is depleted, 
there may be generation of hydrogen 
sulfide. 

In areas Phoenix, where 
eXtreme summer sewage temperatures 


such as 


prevail, sewages lose their capability 


for retaining dissolved and 


Similarly, strong sew- 


oxygen 
grow septic. 
ages or those containing some unusual 
industrial waste promote septicity un- 
less proper precautions are taken, If 
conditions are favorable for the forma- 
tion of H.S, the potential danger is 
proportionately where the 
water supply has a high sulfate con- 
tent. velocities 
also promote septic conditions. 

By the 
everyone 


increased 

Inadequate carrying 
nature of almost 
with a_ fiat 
gerade somewhere in their system. At 
two critical line locations in 
Phoenix, the Division of Sewers System 
operates 


utilizing 


things, 
must contend 
trunk 


chemical control 
the Scott-Darey 
Scrap wire is maintained in contact 
with chlorine in solution to form 


stations 


pre 


fer- 


rous iron salts. This solution is 
allowed to run into the sewer where 
it mixes with the sewage. Any sul- 


fides present will react with the iron 


to form sulfide of iron. This removal 


of sulfide prevents the formation of 
corrosive sulfurie acid that might 
otherwise attack the conerete sewers. 


These operations also reduce objec- 
tionable The  Seott-Darey 
method for reasons of economy is fa- 
When 


chlorine is added to a strong sewage 


odors. 


vored over direct chlorination. 


much of it is consumed by the organic 
matter before it reacts with the hydro- 
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ven sulfide. 
chloride, 


On the other hand, iron 
having lower oxidizing 
power, is not consumed by reaction 
with the organie material and acts as 
a specific agent for hydrogen sulfide. 

Flushing is a commonly used method 
of cleansing sewers. This is to be ex- 
pected since it is a comparatively easy 
Still, 
there are variable maintenance costs to 
be considered. 


task, often a one-man operation. 


If the sewers are oper- 
ated by the same agency that operates 
the water system, there is usually a 
reliable water. But even 
then, the water used may not be free. 
If the sewer utility operates within 
an area served by a private water com- 
pany, water may not always be avail- 
able and it may be costly. Some sewer 
systems rely on tank trucks, hauling 
even creek or river water. 


source of 


Effect of Industrial Wastes 


An obvious way to control or mini- 
mize damage from industrial wastes is 


through a regulatory ordinance. Such 
an ordinance has the following pur- 


poses : 


1. The protection of personnel by 
prohibiting the discharge of explosive 
or inflammable substances such as gaso- 
line, naphtha or benzene, or any cor- 


rosive material capable of injuring 
workers. 
2. The minimizing of treatment 


costs by limiting 
(BOD and solids 
discharge of 


sewage strength 
and prohibiting the 
other materials which 
would cause increased cost of opera- 
tion at the treatment ma- 
terials that would be toxic to the treat- 
ment process. 


works or 


3. The preservation of the integrity 
of the system by excluding material 
which may cause damage or stoppages. 

This diseussion is 
item. It 
every 


confined to the 
third is the author's belief 
that municipal system 
should have a regulatory ordinance of 
some type. Generally, no one wants 
to violate a law, and a simple reminder 


sewer 
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of the existence of an ordinance to an 
unintentional violator is all that is re 
quired to attain compliance. 

Of course, an 
policing and provisions 
leaves much to be desired, but it still 
does a lot of good. 

An excellent example of a coopera- 
tive effort to solve a problem is the 
ease of the Phoenix ordinance control- 
ling the dumping of cesspool pumpers. 
In the fringe surrounding 
Phoenix, subdivisions and other urban 
developments have relied on the septic 
tank and cesspool as a means of sew- 
age disposal. Fortunately, as the city 
expands, more of the buildings are 
connected to sanitary sewers, but the 
control of the dumping of cesspool con- 
tents continues to be important in the 
maintenance of the sewer system. The 
most convenient place for the scaven- 
ger to dump his load is the nearest 
manhole. This mess of septic sludge, 
grit, and dirt is not welcome and the 
ordinance forbids dumping it into the 
sewer. As a solution, the scavengers 
are directed to a location at the head- 
works of the sewage plant between the 
bar screens and the grit chambers. 
Permits are issued to the haulers for 
a yearly fee based on tank-truck ca- 
pacity. The fees amount to $75/yr 
for tank trucks up to 500-gal capacity, 
$100/yr for capacities up to 800 gal, 
and $150/yr for capacities up to 1,200 
val. 


fully since its inception years ago. 


ordinance without 


enforcement 


areas 


This program has worked success- 


Effect of Sewer Location 


The most troublesome aspect of 
sewer maintenance in Phoenix is the 
sewer easement. lines in 
Phoenix’ system generally are installed 
in alleys or easements. Some subdi- 
vision planners have been hard to con- 
vince that alleys are cheaper and more 
convenient to the home owner, and bet- 
ter from the standpoint of utility main- 
tenance. The dictionary defines ease- 
ment as an acquired privilege in the 
use of another’s land, but in Phoenix 
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this meaning does not apply since most 
easements have lost their identity in 
purpose and exist in name only 
Fences, walls, trees, hedges, barbecue 
pits, paving, and even permanent 
buildings are extended over the ease- 
ments and sewer lines. Manholes are 
covered over and lost forever. 

In most cases, cleaning crews cannot 
get to the easement with equipment. 
The usual sidewalk gate is much too 
narrow to accommodate a sewer rodder 
Even if it is 
possible to get to the manhole in the 
back yard, the owner will not be en 
tirely pleased with the condition of 
the lawn and yard after the crew has 
gone. Ill will is the result. Manual 
rodding is required and in most cases 
rods have to be uncoupled to get in 
the yards and then recoupled. Like- 
wise, the ball and other hy- 
draulie cleaning devices cannot be used 
because it is impossible to get to the 
with a fire hose. Additionally, 
sewer stoppages caused by roots are 
much more prevalent because of the 
landseaping of the easements. Olean- 
der hedges and tamarisk trees are the 
two main sources of trouble and only 
repeated root-cutting operations keep 


or even a rod wagon. 


sewer 


sewer 


some mains in service. 


Phoenix’ Cleaning Program 


Prior to 1955, Phoenix had no sys- 
Me- 
chanical cleaning equipment was un- 
available and the activities of city 
forces were limited to unblocking stop- 
pages by manual rodding. This work 
was done mostly in response to com- 
plaints. The city in 1955 covered 
about 24 sq miles and had a popula- 
tion of about 146,000 which repre- 
sented a 47-per cent increase in area 


tematic sewer cleaning program. 


and a 42-per cent increase in popula- 
tion over 1950. Furthermore, there 
was every reason to believe that ac- 
celerated growth of population and 
area was to continue. 

With the purchase of a sewer rodder 
and other mechanical equipment, 
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TABLE I. 
Cost ($) 
Item — — 
1958 1959 
Labor 9.516 | 27,697 
Fringe benefits 935 | 3,178 
Contractual services 7,004 19,283 
Supplies 1,447 
| 
Total | 18,165 | 51,605 


sewer cleaning crews began piling up 
the debris, roots, and statistics. Be- 
ginning with the older sections of the 
city, every sewer was cleaned by one 
method or another. In about the last 
six months of fiscal year 1955, 311,879 
ft of sewer mains were cleaned. Dur- 
ing fiseal years 1956 and 1957, 591,536 
and 529,384 ft of sewers were cleaned. 
In the latter part of 1957, extension 
of the Phoenix sewer service area pro- 
ceeded at an increased rate. The old 
service area covered 33 sq miles and 
the construction to be financed by a 
new bond program was to 195 
sq miles. 
Problems 


cover 
of growing pains slowed 
down the pace of sewer cleaning crews. 
Extensive subdivision development 
preceded the completion of trunk line 
extensions in some areas, and it was 
necessary to build, operate, and main- 
tain temporary sewage treatment 
plants in these instances. These activi- 
ties and others were carried on by the 
personnel of the sewer systems division. 
Consequently, in each of the next two 
fiseal years, that 1958 and 1959, 
about 250,000 ft of mains were cleaned. 
With added personnel, normal duties 
were resumed. This fiscal year, 1959- 
60, very possibly 1,000,000 ft of sewers 
will be cleaned. 


is, 


Labor Costs 


In calendar year 1959, 873,778 ft 
of sewer mains were cleaned, taking 
14.249 man-hours. The total cost of 
this labor amounted to $27,697 based 
on an average wage of about $2/hr. 


SEWER MAINTENANCE 


Cost Breakdown of Sewer Cleaning 


| Per Cent of Total Cost Unit Cost (¢/ft) 


1958 1959 1958 1959 
52.3 53.5 3.34 3.16 

| 5.1 | 6.5 0.34 0.38 

38.7 37.2 2.40 | 2.20 

3.9 | 2.8 0.25 0.16 

| { 
100.0 100.0 | 6.29 §.90 


In Phoenix, two crews are assigned to 
sewer cleaning and each has a fore- 
man and four other men. Each crew 
has identical equipment consisting of 
a %4-ton truck, a bucket machine, a 
power rod trailer, kites, sewer balls, 
and various other tools. A single 
power rodder is shared and used gen- 
erally for root problems. The labor 
cost of 3.1¢/ft has been consistent for 
Phoenix for many years in spite of 
wage-spiralling. setter methods of 
cleaning as well as the utilization of 
mechanical equipment have made this 
possible. From this standpoint alone, 
the use of mechanical equipment is 
justified. In addition, there are cer- 
tain cleaning tasks that cannot be done 
otherwise. 

The city of Phoenix utilizes the so- 
called performance-type budget. A 
monthly accounting and reporting of 
all activities is maintained. For com- 
paring sewer cleaning costs to the total 
costs of operating the division of sew- 
ers, a percentage factor first is de- 
veloped by dividing the total wage 
costs by the labor cost for cleaning. 
This percentage factor is then applied 
against all expenditures except eapi- 
tal outlay. This labor cost is shown 
in Table I. Also shown are the pro 
rata share of fringe benefits such as 
contributions to retirement and indus- 
trial insurance plans and cost items 
for contractual services and supplies. 

In a budget such as this, certain 
fixed costs must be accounted for re- 
gardless of how many or how few 
sewer mains are cleaned. Likewise, 
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there are certain costs reflected here 
that some might argue do not belone 
in this budget or, at least, only parti- 
ally so. For these reasons, the data 
developed should be compared eriti- 
eally. 

The 3.1¢/ft labor cost accounts for 
53.5 per cent of the total cost of 5.90¢ 
ft. Contractual account for 
slightly over 37 per cent of the cost 
or about 2.20¢, ft, 
up 0.16¢/ft 
0.38¢/ft. The 
are comparable to the 


sery ices 


while supplies take 
benefits 


1958 


and fringe 
figures for 
1959 figures 
even though three times as much clean 
ing work was done in 1959. 

What do these figures mean to the 
Kirst of all, if 
restricted to cleaning 


cost 


average community ? 
operation — is 
and rodding only when necessary, the 
figures do not But if 
a systematic program is 


mean much. 
cleaning 
adopted, much can be derived by com- 
paring all but the costs attributed to 
contractual services. 

In Phoenix, contractual services in 
clude the 
subdivision sewer 


eost of inspection of new 


construction, Cur- 
rently this amounts to about $18,000 
a year. Also, this part of the budget 
has absorbed the cost of bond-sale ex- 
and fees for the 


design of relief sewers. 


penses engineering 
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On the other hand, certain clerical 
costs, costs of record keeping, map- 
ping, phone contacts, ete. are not re- 
flected here since these items are car- 
ried by other budgets. Maintenance 
costs of capital equipment are included 
in this analysis, but actual capital out- 
lays are not. 
not be com 
the 
in supporting the 
activities directly connected with sewer 
cleaning. 


This discussion would 
plete without 


Which others play 


recognizing role 


Accurate maps and reeords 
of frequent trouble spots are priceless. 
The mechanical mainte- 
nance does an excellent job of main- 
taining equipment, and two-way radio 
communication cuts travel time down 
to a minimum and is a wonderful aid 


division of 


in maintaining good publie relations. 
The story is told about the operator 
who refused to get excited about ex 


pansion, growth, or breakdowns and 


always proceeded in a determined, 
methodical manner beeause, as he often 
the 


neering profession were available to 


said, seven wonders of the engi- 


help him out of any hole—a gasket. 
coupling, union, reducer, shims, baling 
wire, and scotch tape. The important 
thing though is that they were in his 
budget. 


CORRECTIONS FOR SEWER MANUAL 


The sewer manual, ‘‘ Design and Construction of Sanitary and Storm 


Sewers,’ 


produced jointly in 1960 by the Federation and ASCE, has 


been exhausted and is now being reprinted. 


Sinee the first printing, a number of corrections have accumulated 


and are being included in the second printing. 


To make it possible for 


the 1960 edition to be in full agreement with the latest printing, a reprint 
of all corrected pages is being offered to enable those who POssess the 


1960 issue to correct their copies. 


The reprint ineludes 11 pages printed 


on one side only so that correction may be made by attachment to the 


appropriate page. 


The reprinted pages are available on request from the 
office or from ASCE. 
The reprints are in the hands of the printer at this time 
will be filled on receipt. 
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OBSERVATIONS ON SMALL SEWAGE 
TREATMENT PLANT DESIGNS 


LeRoy W. Van Kleeck 


In designing small sewage treat- 
ment plants special considerations are 
involved. Small plants within the in- 
tent of this discussion are those having 
equivalent connected populations of 
not over 10,000 persons or an average 
dry weather flow of not over 1.0 mgd. 
The purpose of this paper is to weigh 
the particular problems with these 
plants and to offer a cheek list for 
guidance in their design. 


Special Design Considerations 


Among the special considerations in 
the design of these plants, the follow- 
ing items require scrutiny : 

1. The designing engineer needs an 
adequate fee for a thorough prelimi- 
nary study in order to obtain the es- 
sential basie design data. Such a study 
should result in a plant design tailored 
to the needs of the client with consid- 
eration to the required quality of plant 
effluent, budgetary and operating per- 
sonnel limitations, and the local condi- 
tions, such as the topography, location, 
and size of the plant site. The selee- 
tion at random of a small plant design 
from an equipment manufacturer’s 
catalog is a poor substitute for a prop- 
erly engineered design. Manufactur- 
er’s equipment is an indispensable aid 
to the designer but is rarely suitable 
for a well-integrated plant, and where 
such equipment is acceptable, its use 
should be based on considered reasons 
for its selection. 


The author is with Bowe, Albertson & As- 
sociates, New York, N. Y. 

The paper was prese nted at the 33rd An- 
nual Meeting of the Water Pollution Control 
Federation in Philade Iphia, Pa., Oct. 2-6. 
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2. The cost of the plant must be 
economically justifiable. These proj- 
ects usually require an expenditure as 
low as possible, consistent with sound 
design. 

3. Untried processes have no place 
in small plants. Performance bonds 
are of little value to small communities, 
institutions, or industries faced with 
law suits or other difficulties because 
of plant failure. 

4. Small plants have a habit of 
expanding; provisions are therefore 
needed for the ready addition of treat- 
ment units. 

>. Instrumentation needs to be kept 
to the minimum in the interest of econ- 
omy and simplicity of operation. 

6. The available man-hours for plant 
operation may or may not be an im- 
portant factor in plant design. At 
state institutions, for example, help for 
routine work is often ample, whereas 
at some factory, school, or turnpike 
plants, the labor supply may be defi- 
nitely limited or there is a desire to 
cut the plant staff to the minimum. 

7. The basis for the design flow at 
small plants is often different from 
large plants. Sewer infiltration may 
be minimum because of a small col- 
lecting system. In contrast, roof, cel- 
lar, and yard drainage at institutions 
or industries may cause greatly in- 
creased flows during wet weather. 
Knowledge of such flows should be de- 
termined in advance and steps taken to 
remove drainage flow whenever pos- 
sible. In small communities there may 
be no appreciable industrial or com- 
mercial flows, which must be considered 
in larger urban areas. The importance 
of careful estimates of small plant 
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flows is emphasized by the fact that 
such flows may vary from 8 to 250 
gpd/cap, depending on the type of 
facility served. 

8. Small plants connected to schools, 
factories, and turnpike service areas in- 
variably receive a much lower solids 
loading than plants serving munici- 
palities. It is justifiable to cut the 
volume of digestion tanks and the area 
of sludge drying beds by at least 50 
per cent for such plants. Grit cham- 
bers are usually unnecessary. 

9. Sealed-down conventional designs 
for small plants, as used for larger 
plants, are practical and many such 
plants are operating economically and 
successfully. 

10. Where sludge drying facilities 
are used, the decision between using a 
vacuum filter or sludge drying beds, 
especially enclosed beds, requires care- 
ful study. The initial and maintenance 
costs for sludge beds may permit com- 
petitive consideration to a vacuum filter 
installation. Aside from cost, vacuum 
filters have inherent advantages over 
sludge beds. It may seem incongruous 
to suggest vacuum filters for small 
plants, but plants with dry weather 
design flows as low as 0.5 med have 
used them with marked success. Mod 
ern vacuum filters produce high solids 
yields per hour and can be operated 
and maintained by personnel with 
average mechanical aptitude. 

11. Dual-purpose tanks, such as com- 
bination sedimentation-digestion units, 
have their function in some small plant 
lay-outs, particularly at secondary 
treatment plants where the final set- 
tling tank or tanks might be used for 
emergency sedimentation of the raw 
sewage. This arrangement presup- 
poses that such partial treatment of 
sewage is acceptable for short-term use. 

12. ‘‘To use’’ or ‘‘not to 
ealled package or prefabricated plants 
is a question facing all designing en- 
gineers. Opinions on these plants are 
in serious conflict reliable 
sources. It is bad enough that the 


use’’ so- 


and from 
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equipment manufacturers and eonsult- 
ing engineers do not agree, but state 
regulatory agencies also disagree. It 
is generally agreed, except in certain 
quarters, that more unbiased evaluation 
studies 
plants. 


are needed regarding § these 


Some types are slowly demon- 


strating their superiority over others. 
Regardless of the performance, it must 
be realized that these plants: 


(a) Rarely provide spare treatment 
units or alternate 
process control 
flexibility in 
dures ; 
Usually are dependent on the 
continuity of electric power for 
operation ; and 
Frequently show a need for op- 
erating attention that is 
often minimized. 


methods of 
thus lack 
operating proce- 


and 


too 


Design of Treatment Units for 
Small Plants 


Many of the following comments on 
the design of treatment units for small 
plants apply equally to larger plants. 
These comments are in no sense a com- 
plete check list on design features and 
no reference is made to design for- 
mulations or loading factors. They do 
delineate some of the features which 
are applicable to small plants and 
which are worthy of consideration. 


Sewage Pumping at Plant 


1. Place pumps in a dry well; avoid 
submerged pumps in wet wells. 

2. Whenever possible, pump sewage 
after removal of screenings and grit. 

3. Pump float controls, where the 
wet well float is enclosed in a pipe, are 
troublesome. Open guide eages for 
floats, totally-enclosed balloon types, or 
air bleeder devices are superior. 

4. Elevate bibs for potable 
flushing water in wet wells above the 
maximum sewage level to avoid a 
cross-connection. 

5. Connect a small diameter pipe or 
tubing from the high point of pump 
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casings to the wet well for air bleeding 
of the pumps. This method is the 
least troublesome for avoidance of air- 
binding. 


Sewage Screening 


1. A hand-cleaned screen may be ac- 
ceptable for small plants, provided 
sufficient sereening area is used to 
avoid flow stoppage through the screen 
during unattended hours. A mechani- 
cal screening or screenings cutting de- 
vice often is justified. 

2. Minimum clear openings between 
the bars of hand-cleaned screens should 
be 1% in. 

3. Sereen chambers at small plants 
are frequently receptacles for grit de- 
posits, together with 


especially 


organic solids. 
true where wide 
screen areas are used, resulting in a 
low velocity of flow through the cham- 
ber. <A velocity of about 2 fps through 
screens is desirable. 


This is 


Grit Removal 

As stated, grit re- 
moval facilities may not be necessary 
at factory, school, and institutional 
plants; neither are they required for 
septie tank plants. 

2. One or more parallel rectangular 
grit chambers, hand-cleaned, are satis- 
factory except on combined sewer sys- 


previously 


tems or where excessive grit accumula- 
tions can be expected. These chambers 
may be as narrow as 6 in. with a mini- 
mum length of 25 ft. The grit can be 
removed with a scoop without dewater- 
ing the chambers. Parshall flume or 
weir control at the outlet end of the 
chambers is of aid in maintaining 
proper velocities and results in redue- 
tion of entrapped organic matter. 
Settling Tanks 

1. In rectangular tanks, a ratio of 
tank length to width of 7:1 will give 
better removal of solids than ratios of 
4:1 or less. 

2. Cireular tanks with mechanical 
sludge serapers and telescopic sludge 
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removal valves are suitable for very 
small plants. In one design, the raw 
sludge from such a tank discharges 
directly by gravity to an adjacent di- 
gestion tank. 

3. Outlet baffles between the skim- 
ming devices and effluent weirs are 
needed to avoid the escape of skim- 
mings into the effluent. 

4. Slotted pipes or a scum box with 
adjustable weir are among the simplest 
devices for removal of skimmings from 
rectangular tanks. Adequate free- 
board for skimmers is needed with 
both low and high flows to prevent loss 
of collected scum. 

5. There is no justification for in- 
cluding weir overflow rates in the de- 
sign criteria for settling tanks. 

6. When mechanically cleaned tanks 
are used for plants serving more than 
2,900 persons, raw sludge removal is 
best accomplished by direct suction to 
plunger sludge pumps. Gravity re- 
moval of raw sludge at plants larger 
than stated presents inherent operating 
problems. 

7. The sludge hoppers of all settling 


tanks should be accessible for hand 
plunging and sounding. Unobstrueted 


sludge suction pipes should be used in 
the hoppers. This means avoidance of 
pipe supports, legs, or straps in the 
bottom of the hoppers. 

8. Multiple hopper rectangular tanks 
without sludge scrapers are acceptable 
for plants serving small populations 
(2,000 or less). An economical design 
includes the provision of adjacent un- 
heated rectangular digestion tanks for 
receiving the raw sludge by gravity. 

9. Imhoff tanks with modern face- 
lifting are suitable for sites adequately 
removed from habitations. Face-lift- 
ing includes bell-shaped flanged pipes 
about six inches under the water sur- 
face in both the flowing-through com- 
partments and gas vents for the re- 
moval of skimmings and vent seum to 
sludge drying beds or a lagoon. 

10. A minimum of three parallel 
septic tanks are suitable for popula- 
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tions up to 1,500 persons. The design 
requirements for septic tanks to secure 
results equal to or exceeding that ob 
tainable with plain settling tanks have 
been previously published (1) 


Digestion Tanks 


1. Avoid violent 
breakers in single digestion tank plants. 
Otherwise, the liquor 
quality will be poor. Single digesters 
should be unheated or heated by hot 
water coils. Heating coils have fune- 
tioned satisfactorily for over 20 yr at 
many plants and are not now obsolete. 
Mixing can be done in single digestion 
tank plants using slow-stirring scum 
and sludge mechanisms. 
nisms are still available from several 
manufacturers. They are effective, and 
have given many years of service at 
many plants and, again, are not ob- 
solete. An economical digester design 
for plants serving 5,000 to 10,000 peo- 
ple is through the use of an unheated 
secondary digester with open top. Lay- 
outs of this type have functioned with 
out nuisance and permit the employ- 
ment of the latest devices for heating 
and stirring of the primary digester. 
The design should for the 
future addition of a cover to the see- 
ondary digester. 

2. At least four 24-in. diameter man- 
holes, spaced equidistant along the mid- 
points of the digester’s radius, are de- 
sirable on all digestion tank roofs. A 
single manhole is inadequate for water 
hosing of scum, when necessary, and 
for ventilation when workmen must 
enter the tank. Gasketed 
holes, accessible from the ground floor 
level of tank operating galleries, are 
valuable adjuncts for furnishing addi- 
tional ventilation and direct access to 
the hoppers or bottoms of digesters. 

3. Dial indicating gages suffice for 
temperature readings of the interior 
of small plant digesters. The cost of 
temperature recorders is not justifiable 
in view of the relatively slow change 
occurring in digester temperatures. 


mixing or seum 


supernatant 


These mecha- 


provide 


side man- 
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4. Hligh-rate digestion at its present 
state of development more 
critical control than is justified for use 
in small plants. 

5. Even small plants should be fur 
nished with a sampling sink in the 
digestion tank gallery. Desirable fea- 
tures include: 


requires 


(a) Two-inch sampling lines, rep 

resenting a good vertical cross 

section of the digester’s con- 

tents. 

(b) Back-flush connections. 

(c) Quick-opening sampling 
valves. 

d) Minimum sink height—30 in. 

(e) Minimum size of sink drain 


9 


3 in. 


6. A 


to digesters is 


means for adding lime slurry 
Skimmings 
wells used with plain settling tanks or 


containers connected to the suetion side 


needed. 


of sludge pumps are frequently used. 

7. If the sludge gas is collected, a 
vas meter, waste gas burner, and pres- 
sure manometer should be provided. 
Orifice or magnet type meters are rec- 
ommended for plants. Avoid 
float-operated condensate traps. Do 
not cement the waste gas line into the 
base of the eventually 
the line will require servicing. 

8. When combination boiler and heat 
exchange include the 


smal] 


waste burner 


units are used, 


following provisions : 


(a) Auxiliary fuel 
utility gas. 

Install boiler stack as vertical 
as possible with terminus at 
least 6 ft above the building 
roof and away from any air 
intake ducts to the building. 
Provide 
front of boiler and adjacent 
room wall of at least length 
of boiler for cleaning tubes. 

Locate unit preferably at 
ground level and_ provide 
ample air supply for fuel 
Never locate these 


usually oil or 


clearance between 


(d) 


burning. 
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units in confined areas with 
sludge gas control appurte- 
nances where they might serve 
as a source of ignition for gas 


accumulations caused by leaks 
or failure of appurtenances. 

(e) Use a pump capable of re- 
circulating the upper two- 
thirds of the digester in 24 
to 36 hr at a velocity of about 
4 fps through the 
tubes. 


sludge 


Sludge Pumps 


Conventional centrifugal pumps or 
special adaptations of such pumps are 
suitable for many functions in a sew- 
plant but they are recom- 
mended for raw pumping. 
Plunger pumps are more appropriate. 
Appurtenances should include: 


not 


age 


sludge 


This 


may be done with a 114- to 2-in. quiek- 


1. Means for sampling sludge. 


opening valve on the pressure side of 
the pump with discharge into a pail, 
into a sampling sink, or into a_bell- 
shaped drain pipe. A sampling tank 
convenient sam- 
pling tank about 18 in. in diameter 
and 2 ft high can be fabricated from 
1,-in. thick steel with a *4,-in. steel 
bottom. The bottom should be dish- 
shaped with a drop of about 2 in. from 
the sides to the center. After fabrica- 
tion the steel should be galvanized. A 
114-in. galvanized outlet pipe 
should be welded to the bottom with 
a 114-in. hand valve and a 114-in. 
valve in for removal 
of the sludge by suction connection 
to the sludge pump. The tank 
be made portable for use with more 


is also a device. 


steel 


cheek series 


can 


providing steel] 

The legs 
can be made with 2- x 2- x 14-in. an- 
Portable 
tanks should have two %4-in. diameter 


than one pump by 


roller casters on three legs. 
gles welded to the tank sides. 


steel handles. 


2. Vacuum and pressure gages for 


pumps. 
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3. Pump-gland drainage piped to a 
floor drain or sump. 

4. Pump floor pitched in all diree- 
tions to center area of pumps and floor 
drain provided or if the pumps are 
near a wall, a suppressed floor gutter 
may be used for drainage. 

5. If the plant is so small as to 
justify a single sludge pump, space al- 
lowance for a future unit and specifiea- 
tions for essential spare parts. 

6. No sludge piping smaller than 6- 
in. diameter and provision of means for 
cleaning the piping by hose flushing 
connections, blank flanges, and/or pipe 
unions at intervals of not over 40 ft. 


Sludge Beds 


Although sludge bed are 
pretty well standardized, the following 
items are considered worthy of men- 
tion: 


1. Check and re-check quality of 
sand as installed by the contractor. 

2. Use a minimum of 12 in. of sand. 
This will result in a better quality of 
underflow from the beds and delays 
the necessity for re-sanding. 

3. If the plant effluent is being chlo- 
rinated, chlorinate the sludge bed ef- 
fluent. 

4. Provide multiple beds to add to 
operating flexibility; psychologically a 
number of small beds reduces the tend- 
ency of operators to draw excessive 
amounts of sludge with possible loss of 
seed sludge. 

5. With enclosed beds, use low side 
walls (15 to 24 in. high), provide for 
air drafts onto the bed surface, and 
consider the effect of snow load on the 
glass roofs of adjacent beds built by 
valley construction. Wire-glass or 
snow stops of metal or wood baffles at 
intervals along the height of the roofs 
is helpful in preventing snow pile-ups 
in the valleys. 

6. Space concrete runways for trucks 
at a width to accommodate dual-wheel 
trucks. Single-wheel trucks are used 
infrequently today. 


designs 


‘ 
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7. Provide means for flushing and 
draining the digested sludge discharge 
piping to the beds. 


Vacuum Filters 


Vacuum filters are not used at many 
small plants but as previously stated 
they may be the sludge dewatering 
method of choice for plants serving 
5,000 or more 


persons. Design 


gestions include: 


sug- 


1. Provide for gravity feed of con- 
ditioning chemicals. If chemical feed- 
ers are necessary, use volumetric dis- 
placement types. 

2. Use permanent-medium type fil- 
ters if possible. 

3. If a cloth filter is used in the in- 
terest of economy, provide hot water 
for cleaning cloth in filter room. 

4. Discharge sludge cake direct to a 
truck by means of an inclined belt econ- 
veyor, by locating the filter on the 
second floor so that the can be 
dropped through a feed hopper direct 
to a truck, or by use of an outdoor sub- 
way ramp for a truck. 

5. If sludge elutriation is employed, 
use the single-stage system, and provide 
an elutriation tank with a 3-hr deten- 
tion at the maximum wash 
water rate, or not over 175 gal of tank 
overflow per square foot of tank sur- 
face per day. The wash water pump 
should have a capacity to feed a water 
to sludge ratio of not less than 10:1. 

6. For elutriated digested sludges, 
make provision for feeding a synthetic 
polymer coagulant as a supplemental 
conditioning chemical. These coagu- 
lants usually reduce the demand for 
ferric chloride and increase the yield 
of the filter. Their use may also be 
indicated for unelutriated sludges. 

7. Under some local conditions, the 
vacuum filtration of raw sludge may be 
practical at small plants. 


cake 


possible 


Sand Filters 


Sand filters are frequently used at 
small plants for secondary treatment, 
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especially in New England. Their de- 
sign is fairly well standardized but it 
might be mentioned in passing that a 
minimum of four filters adds operating 
flexibility and if containing embank- 
ments of conerete, rather than of earth, 
reduced filter maintenance _ results. 
Hydraulie loads of 250,000 to 500.000 
gpd/acre may be applied to under- 
drained intermittent sand filters when 
they are preceded by trickling filter or 
activated sludge treatment. 


Trickling Filters 

A single low- or high-rate trickling 
filter is a very dependable secondary 
treatment unit for small plants. De- 
sign requirements should inelude: 


1. Carefully sized stone is desirable. 
A good specification is one requiring 
that 95 per cent of the stone shall pass 
a 314-in. square screen and not more 
than 5 per cent shall pass a 2-in. square 
sereen. 

2. Ample ventilation through the 
depth of the filter is necessary. This 
may be accomplished by vertical vent 
pipes extending from the bottom to the 
surface of the filter, by side manholes 
extending to the underdrains, and by 
providing a main underdrain of suf 
ficient cross-section to insure that not 
over 50 per cent of this cross-section 
will be submerged at the maximum de- 
sign flow rate. 

3. When chlorination of the final 
effluent is employed, provisions for pre- 
chlorination ahead of the trickling filter 
furnishes a means for odor control and 
destruction of growths, the 
latter being a frequent cause of filter 
ponding. 

4. Recirculation 


fungus 


for low- 
rate filters during low flows are worthy 
of consideration. 


facilities 


Activated Sludge 


Some activated 
treatment for small plants was not con 


sidered 


years ago sludge 


desirable. Improvements in 


lant design, simplification of opera- 
I 
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tions, and the realization that oper- 
ators with mechanical aptitude could 
be readily instructed in the making of 
laboratory control tests have changed 
this viewpoint. In fact, most of the 
activated sludge plants in Connecticut 
have a design capacity of 1 mgd or 
less. Pertinent suggestions for the de- 
sign of these plants are: 


1. Provide a raw sewage by-pass for 
single primary settling tanks. 

2. Swing diffuser assemblies are de- 
sirable. 

3. Air nozzles have a place in small 
plants since they eliminate the need 
for air and with their 
clogging problems are minimized. 

4. Furnish a return sludge pumping 
capacity of at least 50 per cent of the 
average dry weather flow and prefer- 
ably 100 per cent. 

5. Provide for chlorination of the 
return sludge, when chlorination of the 
effluent is practiced. 


cleaners use 


6. Avoid shaded areas, such as over- 
hanging concrete roofs, on all settling 
tanks and aeration tanks, especially on 
the final settling tanks. Shaded areas 
provide resting areas for adult chi- 
ronomids, control of which is 
times a problem at small plants. 

7. Provide for froth 
control. The curved cover 
along the side of the aeration tanks op- 
posite the air diffusion system has been 
suggested in England for froth control 
and appears to have merit. The covers 
are said to trap the froth until break- 
down oceurs. 


some- 
water sprays 
use of a 


8. Most modifications of the conven- 


tional activated sludge other 


than step aeration, are questionable 


process, 


for small plants because of the need 
for more delicate operating control. 


Stabilization Ponds. 


These ponds provide an economical 
design for the secondary treatment of 
sewage at small plants where local con- 


ditions are favorable for their use. 
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Chlorination of Sewage 


The chlorination of sewage effluents 
at small plants introduces the problem 
of continuity of disinfection with vary- 
ing flows, especially with primary treat- 
ment plants. Except where the receiv- 
ing stream is so small that fish may be 
killed by high chlorine residuals, it is 
general practice to carry an overdose 
of chlorine to insure proper disinfee- 
tion. At critical locations an amper- 
ometrical controlled chlorinator may 
be used to maintain a set chlorine re- 
sidual in the effluent. 
not be recommended, 
primary effluents. 

Most small plants are operated on 
one 8-hr shift or less. Over- or under- 
chlorination can be largely controlled 
at many of these plants by the use of 
program-type chlorinators. 

Other suggestions for chlorination 
facilities at small plants are: 


Their use can- 
however, with 


1. Avoid dry gas chlorinators, when- 
ever possible. Good performance with 
these machines is difficult with sewage 
effluents. 

2. Provide a space heater for winter 
operation. 

3. If local and state requirements 
permit, combine the chlorine container 
and chlorinator rooms into one room 
with outside entrance only. 

4. Sand filters are generally dosed 
intermittently by pumps or siphon dos- 
ing chambers. The rate of flow through 
the filters therefore varies widely and 
knowledge of dosing chamber volumes 
or pump rates enters into the deter- 
mination of minimum detention periods 
in the post-chlorination chamber. A 
chamber designed purely on the basis 
of average flow will usually provide 
too short a detention period at maxi- 
mum filter discharge rates. For de- 
sign purposes, it can usually be as- 
sumed that reasonably clean sand fil- 
ters will pass their peak flow in about 
30 min. 

5. Place a by-pass around the post: 
chlorination basin, whenever permitted 
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by regulations. Sediment collects in 
these chambers even with secondary 
effluents and a yearly cleaning is 
highly desirable. Chlorination deten- 
tion basins should also be properly 
baffled to avoid short-cireuiting of flow. 
Around-the-end baffles are the most 
satisfactory. 

6. Specify a chlorine residual test- 
ing outfit reading up to 2 mg/1 of chlo 
rine residual. 


Water Supplies 


The selection of a water supply for 
flushing purposes, chlorinator ejector 
water, boiler feed, and other uses is 
often a problem at small plants. Ex- 
tension of the municipal water supply 
can be justified at larger plants more 
frequently than at small ones. When 
the use of the municipal supply is not 
possible or justifiable, the following 
possibilities are suggested : 


1. A dug, driven, or drilled well 
supply may be used. Although this 
source of water has been used at many 


small plants, the supply is not always 
ample or of satisfactory quality. This 
indicates the need for a vield test on 
the well and an analysis of the water 
pumped during the test. The presence 
of iron, hardness, or magnesium can 


be troublesome. Coliform organisms 
seem to be frequently present in sewage 
plant wells, necessitating arrangements 
for bottled drinking water. 

2. A river water supply poses the 
problem of a suction intake location 
that will avoid debris, that will be pro- 
tected from damage, and that will sup- 
ply water with low stream flows. The 
high turbidity of many river waters 
also requires constant attention to 
pump suction strainers at many loca- 
tions. In general, the use of river 
water supplies is questionable practice. 

3. A pressurized plant effluent sys 
tem is used at many small plants for 
general purpose water. They have 
proven satisfactory when used with a 
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double water strainer assembly on the 
suction side of the water pump. 

4. Water piping of wrought iron, 
galvanized iron, brass, or copper tub- 
ing is recommended for corrosion re- 
sistance. 


Operating Buildings 


The cost of small plant buildings ean 
be reduced by the use of cinder or con- 
crete block walls, by more extensive 
use of glass, and by use of other mod- 
ern materials. The laboratory and of- 
fice can be combined into a single room 
to conserve space. This room should 
have at least 100 sq ft of floor area 
with from 20 to 50 sq ft of bench area 
for laboratory tests. Where a large 
number of laboratory tests are made, 
the bench area should approach the 
upper figure. To facilitate convenience 
and utility, laboratory sinks should be 
at least 16 in. deep and located away 
from end walls. 

An economical design for small plant 
buildings is to locate the office and 
laboratory on the upper deck of a 
sludge digestion tank gallery. The 
plant pumps and piping can be placed 
on the ground floor of the gallery with 
the boiler and sludge gas appurtenances 
rooms located also at ground level in 
separate locations adjacent to the gal- 
lery and with outside entrances only. 
An alternate design is to attach a one- 
story building adjacent to or integral 
with a one-, two-, or three-story diges- 
tion tank gallery. 

Additional suggestions on building 
design follow. These suggestions ap- 
ply to large plants as well as small 


ones: 


1. Use standard pitch and widths 
for stair treads. 

2. Avoid folding doors for outside 
service. 

3. Specify aluminum or wood frames 
for windows. 

$. Use wood doors for exterior sery 
ice, and in ferrie chloride or chlorine 


storage rooms. 
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5. Provide some place for storage of 


tools and plant equipment. 

6. Pitch floors to drains. <A _ floor 
pitched from one wall to an opposite 
wall, where a drainage channel is lo- 
cated, can be used to drain the entire 
area with a single gravity drain or 
sump pump. 

7. Vent false ceilings. 

8. Elevate electrical cubicles at least 
2 in. off the floor. 

9. Avoid buried electrical conduits 
if possible. Boxed-in wall carriers for 
the cables are good substitutes for 
buried cables. 
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11. Prepare an operating manual for 
guidance in fundamental operating 
procedures. 

12. Show a continued interest in 
the plant's operation after an engage- 
ment is completed. There is no better 
way for the designing engineer to 
learn his mistakes. 

13. List the necessary tools and safety 
equipment for operating the plant. 
This list may be included in the specifi- 
cations or prepared for the client with 
the understanding that purchase of 
the equipment is essential for satis- 
factory and safe operation. 


10. Inelude a schematic diagram of 
the plant piping and appurtenances on 
1, Van Kleeck, L. W., ‘‘Operation of Septic 
the plans for the convenience of the Tank Plants.’? Wastes Eng. 27, 23 


operator. (1956). 


GRADUATE EDUCATION FOR SANITARY ENGINEERS 


A publication titled, ‘‘Report of Study Conference on the Graduate 
Education of Sanitary Engineers,’* has been completed. This study 
conference was held June 27-29, 1960, in Cambridge, Mass., and was 
sponsored by the American Sanitary Engineering Intersociety Board, 
Ine., and co-sponsored by the National Science Foundation, Harvard 
University, and Massachusetts Institute of Technology. 

This conference brought together some 100 sanitary engineers and 
scientists from the fields of education, industry, consulting engineering, 
public health, and public works agencies to discuss and study means for 
raising the educational standards of the sanitary engineering profession 
and of meeting the diverse requirements of the employers of sanitary 
engineers. 

Three areas of educational curricula were studied in detail. These 
were water resources engineering, air resources engineering, and en- 
vironmental health. Committees were also selected to lead discussion 
groups for sanitary science courses and for the accreditation of graduate 
curricula in sanitary engineering. 

The finished report contains the findings of those assembled and is 
contained in a 172-page paper-covered volume. 

Mr. Thomas R. Camp, Boston, Mass., Chairman of the Board of 
Trustees of ASEIB, was conference chairman; Professor Gordon M. 
Fair of Harvard was Chairman of the Program Committee; and Pro- 
fessor Rolf Eliassen of Massachusetts Institute of Technology was Chair- 
man of the Arrangements Committee. 


A 


FAIR SEWER SERVICE CHARGES FOR 
INDUSTRIAL WASTES 


Kenneth V. Hill 


There has been for 


great 
the future regarding abatement of pol- 
lution. 


concern 


The increasing need for water 
and the changing characteristics of 
sewage are expected to cause the need 
for new and improved methods of sew- 
age treatment. It is clear that pollu- 
tion abatement projects are becoming 
increasingly important. It is consid- 
ered also that the first step in the ac- 
complishment of a pollution abatement 
project is its financing. It should be 
acceptable to all that this financing 
should be as fair as practicable. 

In the early years of pollution abate- 
ment projects no uniform or general 
practice developed, therefore, there 
have been established a great many 
different procedures by municipalities 
related to their policies in the treat- 
ment of industrial wastes. 

During a period of observing and 
participating in negotiations between 
industries and municipalities on the 
matter of charges for the treatment of 
industrial wastes, certain conclusions 
stand out. 

The developing of a fair charge for 
the treatment of industrial wastes from 
a single industry is more difficult than 
it is for many industries. The reasons 
for this are readily apparent and in 
clude: (a) the likelihood that the in- 
dustry may be the largest single eus- 
tomer of the sewage system, (b) that 
the design of the municipal sewage 
treatment plant is greatly affected by 


The author is a Partner, Greeley and Han 
sen, Chicago, Ill. 

The paper was presented at the 33rd An- 
nual Meeting of the Water Pollution Control 
Federation in Philadelphia, Pa., Oct. 2-6, 


1960. 
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the industrial 
may be highly 
diurnal, (c) 


wastes loading which 
seasonal as well as 
the industry may be the 
largest taxpayer in the community and 
thus have particular concern with the 
matter, (d) the industry may not be 
‘*home-owned’’ and consequently the 
local management not control 
policy, a circumstance which sometimes 
delays negotiations, and (¢ 


may 


the in- 
dustry may not be within the limits of 
the municipality, which presents a spe- 
cial problem. 

In one instance where a single in- 
dustry was involved, the city entered 
into a written contract with the in- 
dustry wherein the city agreed to ae- 
cept stated quantities of the industry’s 
wastes for treatment and the industry 
agreed to pay the city a specified 
amount of the construction costs and 
an annual amount for maintenance and 
operation. The city and the industry 
were for pollution by 
riparian owners and were required to 


sued stream 
pay substantial sums for damages. The 
supreme court of the state ruled that 
the contract between the city and the 
industry was null and void and stated 
“‘that the only privilege which the 
city could grant to a person or firm 
was a license or permit to make proper 
connection and to empty sewage into 
the system, there to receive such treat- 
ment and disposal as the city may from 
time to time provide.’’ It was not 
within the power of the city to guar- 
antee (as implied by the contract) that 
it would successfully operate a sewage 
disposal plant as an adequate system. 
The court ruled further that the super- 
vision and regulation of the sewer sys- 
tem was a police function of the city. 
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‘*Therefore, in granting permission for 
the use of the sewer system in the first 
instance and for the continuing use 
thereof, the city must at all times re- 
tain control, and any attempt by way 
of contract to deprive the city of that 
control is void.”’ 

In contrast to this, another industry 
and a sanitary district have for several 
years operated under a contract which 
provides for payment by the industry 
of charges (based on a two-part rate) 
for wastes treatment. There are many 
places where a municipality treats in- 
dustrial wastes under a contractual 
procedure of one kind or another. 


Computing Charges 


The construction costs of many mu- 
nicipal sewage treatment projects have 
been financed by the issuance of reve- 
nue bonds. In this method of financing 
debt service costs and the costs of op- 
eration of the project are secured from 
charges against the users of the sys- 
tem. These are usually on a sliding 
scale and are also usually a percentage 
of the charges for water consumption, 
the unit charge per 1,000 gal decreas- 
ing as the water consumption increases. 
This procedure simplifies the billing of 
the charge for sewage service. How- 
ever, unless consideration is given to 
charges for wastes of extraordinary 
strength, the procedure may not be 
fair, because the largest users may con- 
tribute the strongest wastes and if so 
should be charged more than the 
smaller user. 

There is need for careful judgment 
in computing surcharges for wastes of 
extraordinary strength so that the sur- 
charge imposed may be as fair as pos- 
sible. Whereas the wastes may require 
abnormal expenditures for their or- 
ganic matter content, such as larger 
aeration tanks or filters, the high or- 
ganic matter of their sludge will in- 
crease gas production and the value of 
the gas should be credited against the 
surcharge for the abnormal strength. 
For example, 100 lb of domestic sludge 
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solids containing 70-per cent volatile 
matter will yield about 980 cu ft of 
gas during digestion. One hundred 
pounds of sludge solids containing 85- 
per cent volatile matter will yield about 
1,300 cu ft of gas. 

There is some recognition that the 
handling of industrial wastes creates 
special problems for the industry and 
the municipality. The industry usu- 
ally operates in a highly competitive 
market, and the municipality operates 
under a limited budget. 

As evidence of this, in 1929 the Leg- 
islature of the State of Illinois, recog- 
nizing the need of sanitary districts, 
organized under the Sanitary District 
Act of 1917, for additional revenue for 
the treatment of industrial wastes, 
amended Section 7 of the 1917 Act to 
contain the following provisions for 
charges for the treatment of industrial 
sewage : 

In providing works for the disposal of 
industrial sewage . . . said Sanitary Dis- 
trict shall have power to apportion and 
collect therefor, from the producer thereof, 
fair additional construction, maintenance 
and operating costs over and above those 
covered by normal taxes .. . 


Accelerated Depreciation 


In general, the states, usually the 
governmental regulatory agency order- 
ing pollution abatement, have been 
slow in enacting legislation to en- 
courage the construction of pollution 
abatement facilities by industries by 
allowing them accelerated amortization 
or depreciation. For example, Wis- 
consin is one of the very few states 
whose tax laws permit accelerated 
amortization or depreciation of ‘‘all 
real and personal property purchased, 
constructed, and installed as the result 
of a recommendation or order of the 
Committee on Water Pollution, State 
Board of Health, a City Council, or a 
village Board for the purpose of abat- 
ing or eliminating pollution of surface 
waters .. . shall be exempt from local 
taxation for a period of five years, pro- 
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vided that if the operation of such pol- 
lution abatement property results in a 
net income 
property during 
the 5-yr exemption period, such prop- 
erty shall be placed on the next May 1 
assessment roll and assessed in the 
usual manner, except that the taxes 
levied thereon shall in no event exceed 
the net profit before real and personal 
property taxes for the preceding eal- 
endar year.’ ‘This provision of the 
Wisconsin tax laws has been in effect 
only within the last decade. 

There have been many efforts to pro- 
vide federal legislation to permit simi- 
lar tax relief to industries for construe- 
tion of pollution abatement facilities, 
but so far without success. 

There are cases where a municipality, 
in order to attract a new industry or to 
prevent an established industry from 
moving away, will make a substantial 
concession to the industry for waste 
treatment. This is expediency, not 
fairness, but failing any other remedy 
it is better than losing the industry. 
One city has a rate schedule of charges 
for sewage service containing a pro- 
vision that the maximum charge to any 
user shall be $10 per month. The pop- 
ulation equivalent of the wastes from 
the two principal industries is equal to 
the connected population. 


hefore real and personal 


taxes for any year 


Fundamentals of Fair Charges 


Fair charges to industry implies also 
fair charges to other users of the sewer 
system. <A frequently used reference 
(1) attempts to do this as demonstrated 
by the fundamental principles stated 
in this report: 

The needed total annual revenue of a 
water or sewage works shall be contributed 
by users and non-users (or by users and 
properties) for whose use, need, and benefit 
the facilities of the works are provided ap- 
proximately in proportion to the cost of 
providing the use and the benefits of the 
works. 


This statement means that the needed 
total annual revenue (operating and 
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debt service costs) shall be derived 
from the users and properties in pro 
portion to the 


causes to be spent. 


amount which eaeh 

Consideration of the following gen- 
eral illustrations should indieate the 
reasonableness and fairness of the fun- 
damental principle. 


1, Capacity for the Future. <A large 
part of the expenditure is caused by 
the proper design of sewers, structures, 
and equipment to permit and to pro 
vide for growth. Much of this is done 
for and caused by property. A share 
of the total annual cost of future ea- 
pacity should, therefore, be contributed 
by property. 

2. Infiltration. The quantity of sew- 
age for which the works provide ca- 
pacity includes appreciable quantities 
of ground water infiltration. This is 
usually computed as a certain number 
of gallons per acre of tributary area. 
The user has no part in causing this 
expenditure. The amount as estimated 
should be contributed by property. 

3. Grit Chambers. Grit is brought 
to the sewage works by runoff during 
rains. The does not this 


user cause 


expenditure and, if separate sewers are 


grit chambers would be 
Thus, the total 
nual cost of grit chambers is caused by 
property. The grit, however, may con- 
tain some objectionable organie matter 
contributed largely by 


in use, no 


needed. most of an- 


users. Facili- 
ties for disposing of grit such as wash- 
ing and ineinerating are caused by 
users and this part of the total an- 
nual cost should be allocated to them. 
4. Sewage Pumping Stations. Often, 
sewage pumping stations are designed 
with room for one or more pumps to be 
installed in the future. Much of this 
expenditure is for property. 
pumping stations have capacity for 
combined sewage during rains and the 


Some 


cost of this capacity is caused by prop- 
Thus the total 
sewage pumping stations is caused by 


erty. annual cost of 


both the user and property and a fair 
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share should each 
group. 

5. Sludge Digestion Tanks. It is 
often found that some fine grit is de- 
posited in sludge digestion tanks. One 
part of the needed total annual revenue 
caused by such relatively inert de- 
posits is chargeable to property and 


be contributed by 


the proper amount should be so con- 
tributed. 
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1. The charges for sewage service 

should be fair to all users and prop- 

erties benefited, including industries. 

2. The computation of two-part 
charges is not unduly burdensome. 

3. Fair financing must accompany 
projects which are needed, are economi- 
cally sound, and which are in the pub- 
lic interest. 

4. The two-part rate provides a ra- 


tional guide and support for the fair- 
practicable financing procedure 
within the legal structure of the mu- 
nicipality, with due regard to local 


Applications of the foregoing are de- 
scribed in detail in the report of the 
joint committee (1). It is recognized 
that precision cannot be 
reached but the method of allocating 
the needed total annual revenue to 
users and properties is a closer ap- 
proach to fairness than deriving all of 
the revenues from users or from taxes 
on property. 


est 


complete 
custom and to matters of expediency 


which 
from 


do not depart unreasonably 


fundamental consideration of 


fairness. 


Reference 


1. §* Fundamental Considerations in Rates and 
Rate Structures for Water and 
age Works.’’ Amer. Soe. Civil Engr. 
and Amer. Bar Assn., Ohio State Law 
Jour. (Spring 1951). 


Summary 


In summary, the following items are 
pertinent : 


NEW FILMS 


Two new films of particular interest to those in the water pollution 
control field have been announeed. 


1. How our Town Saved the River. The Portland Cement Associa- 
tion has made this excellent 30-min sound film in full color as a public 
service to assist city officials in their fight against water pollution. The 
film utilizes a complete ‘‘success’’ story of a fictional town, from problem 
to solution. Showings may be arranged free by contacting the local 


district office of the Portland Cement Association, or by writing the 
Portland Cement Assn., 33 W. Grand Ave., Chicago, IL. 


2. Good Riddance. ORSANCO > produced this 30-min color film 
documenting the progress and problems of an eight-state crusade for 
clean streams. The film is tailored for audiences in each of the eight 
states by including a segment that highlights the role of a particular state 
in the regional program. Arrangements for showing the film can be 
made by addressing the state water pollution control agencies in Il- 
linois, Indiana, Ohio, Pennsylvania, New York, Virginia, West Virginia, 
and Kentucky, or by writing to the Ohio River Valley Water Sanitation 
Commission, 414 Walnut St., Cincinnati 2, Ohio. 
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OPERATION OF SEWAGE 


TREATMENT PLANTS 


The trickling filter is the most com- 
mon secondary treatment unit in use 
today. The filter is usually in the 
form of a bed of stone or slag 3 to 12 
ft deep. It is provided with a dis- 
tribution system for applying settled 
sewage and an underdrain system to 
remove the filter effluent and provide 
ventilation. 

The function of the unit is to re- 
move dissolved and finely divided or- 


The filter accomplishes sewage puri- 
fication through the biological action 
of organisms that grow on the media. 
It does not purify by mechanically re- 
moving solids as does the rapid sand 
filter used in water purification. The 
openings between the stones in a trick- 
ling filter are large, and solids cannot 
be removed by straining action. 


14.11 Essential Features 


To successfully treat a waste on a 
trickling filter, three items 
sential: (a) surface area must be pro- 
vided for the development of biological 
life; (b) an adequate supply of free 
oxygen must be available to the or- 
ganisms; and (c) the waste must be 
amenable to biological treatment. 

The filter provides surface 
area for the development of gelatinous 
growths containing bacteria, protozoa, 
algae, fungi, worms, and insect larvae. 
The media should be of sufficient size 
to allow free circulation of air through 


are eS- 


media 


This is Chapter 14 of Operation of Sewage 
Treatment Plants, Manual of Practice 11. 
Serialization of this began in the 
September 1960 issue. 


manual 


14. TRICKLING FILTERS 
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ganic solids from sewage and industrial 
wastes and to biologically oxidize these 
solids to form a more stable material. 
In the treatment of domestic sewage, 
the trickling filter commonly is fol- 


lowed by a final settling tank. In the 
treatment of industrial wastes contain- 
ing low concentrations of suspended 
solids, the waste may be applied di- 
rectly to the filter without primary 
treatment. 


the unit. As the settled sewage passes 
through the filter, the gelatinous 
growth retains much of the suspended, 
colloidal, and dissolved material eon- 
tained in the sewage. This material is 
utilized as food by the organisms to 
produce either new cells or energy. 
The food material used by the cell for 
energy is converted to carbon dioxide 
and water. The excess film that ac- 
cumulates from growth or new organ- 
periodically or continually 
sloughed from the filter and separated 
in the final settling tank. In this 
manner, a large portion of the bio- 
chemical oxygen demand is removed 
from the waste. 


isms. is 


14.12 Effect of Waste Character- 
istics 

The degree of treatment and the bio- 
logical reactions obtained in the filter 
are influenced by the quantity and 
quality of the sewage applied and the 
rate and continuity of application. 
The trickling filter has proved to be a 
sturdy unit not easily upset by changes 
in waste characteristics. 
obtain a reasonable 


However, to 


degree of treat- 


hy 
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ment, it is essential that the waste be 
free of constituents that are toxie to 
the filter organisms. For example, 
some industrial wastes containing ex- 
cessive amounts of copper, chromium, 
cyanide, and other heavy metals may 
kill or seriously inhibit the biological 
life in the filter. 


The trickling filter is made up of a 
retaining structure, filter media, a dis- 
tribution system, and an underdrain 
system. The arrangement of each will 
greatly affect the filter operation. 


14.21 Retaining Structure 


Some filters have been built without 
walls, but this is the exception. Walls 
are usually constructed of formed con- 
crete, conerete blocks, or vitrified clay 
blocks (Figure 14-1). The walls may 
be tight or they may be constructed 
with numerous openings. Tight walls 
permit the filter to be flooded; open 
walls may provide better ventilation of 
the filter media. The shape of the 
filter is related to the type of distribu- 
tion used. 

Cireular filters are used with rotary 
distributors ; rectangular, octagonal, or 
hexagonal filters may be dosed with 
fixed-nozzle distributors. 


14.22 Media 


The filter medium is usually hard, 
clean, durable stone, although slag, 
ceramics, coal, and wooden blocks or 
slats have been used (Figure 14-2). 
Media are usually 2 to 4 in. in diameter 
and as uniform as possible. The tend- 
ency is to use media of slightly larger 
dimensions in high-rate filters. 


14.23 Distribution 


Uniform distribution of sewage on 
the filter surface is required to obtain 
maximum utilization of the unit. The 
two types of distribution systems most 


14.2 DESCRIPTION OF PROCESS 
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The activity of the organisms is also 
affected by the temperature of the 
waste. In a warm environment, the 
organisms will be more active. For 
this reason, if other factors are equal, 
a greater degree of treatment should 
be expected during the warm months 
than during the cool months. 


often employed are fixed nozzles (Fig- 
ure 14-3) and rotary distributors (Fig- 
ure 14-4). The latter type is used 
more commonly in modern design for 
all types of filters, irrespective of rate 
of application. 

Fixed-nozzle distributors are usually 
used in conjunction with dosing tanks 
to provide intermittent discharge on 
standard-rate filters. The fixed nozzle 
itself consists of a circular orifice with 
a defiector mounted on a spindle in 
the center of the hole. Sewage dis- 
charges upward from the orifice and is 
broken into a spray by the deflector. 
Nozzles can be obtained to spray areas 
that are cireular, square, hexagonal, 
semi-cireular, or half-square. Cireular 
spray patterns are used almost exclu- 
sively. The nozzles extend 6 to 12 in. 
above the surface of the filter and are 
usually spaced at the apexes of equi- 
lateral triangles. They are spaced so 
that an overlapping spray pattern 
exists at the beginning of dosing. The 
nozzles are fed intermittently by dis- 
tribution pipes from a dosing tank de- 
signed so that as the head on the nozzle 
falls, and the area covered by the spray 
becomes smaller, the volume of sewage 
applied is less. In this way, the rate 
of application on the filter area being 
sprayed is kept approximately the same 
regardless of the head on the nozzle. 

The rotary-type distributor consists 
of two or more horizontal pipes sup- 
ported by a central column. Sewage is 
distributed to the filter through orifices 
or nozzles located on one side of the 
horizontal pipe arms. The arms are 
rotated about the central column either 


° 
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FIGURE 14-2.—Placing the filter material. 
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FIGURE 14~-3.—Covered fixed-nozzle filter bed. 


by the reaction of the sewage discharg- 
ing from the orifices or by the mechani- 
cal action of an electric 
The 
close to the filter surface as practical 
to minimize effects; but 
icing is expected, they should clear the 
filter 


motor or a 


water wheel. arms are set as 


wind where 


surface by at least six inches. 


The reaction-type distributor may be 
used with a dosing tank to provide in- 
termittent discharge or it may be op- 
erated continuously without a dosing 
tank if the minimum rate of flow to the 
filter is sufficient to cause the arms to 
rotate. The latter condition can usu- 
ally be achieved only if some of the 


: 
Vol. 83, No. 2 
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FIGURE 14-4.—Rotary distributor. 
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filter effluent is recirculated to the 
filter during periods of low flow. 
Motor-driven distributors will rotate 


continuously regardless of the sewage 
flow to them. 


14.24 Underdrains 


The floor of the filter supports the 
underdrainage system which in turn 
supports the filter media. The under- 
drains (Figure 14-1) are usually made 
of filter block units manufactured from 
vitrified clay or concrete. The filter 
block is usually rectangular in shape, 
having slots in the upper face which 
open into a conduit within the block. 
The bloeks are laid with conduit chan- 
nels aligned and cover the entire filter 
floor. The floor is sloped so that the 
effluent will flow through the filter 
block conduits to a central drainage 
channel. The underdrains, in addi- 
tion to carrying away the filter ef- 
fluent, act as ducts to convey air to the 
filter. To allow sufficient underdrain 
eapacity for both air and sewage, it is 
eustomary to design underdrains for 
standard-rate filters to flow half full 
and those for high-rate filters to flow 
one-third full of sewage. 

Trickling filters are referred to as 
standard-rate, high-rate, rough- 
ing filters, depending on the volumetric 
and BOD loadings. 


and 


14.25 Standard-Rate Filter 


Standard-rate trickling filters are 
normally designed for loadings of 25 
to 100 gpd/sq ft of surface area and 5 
to 25 Ib/day/1,000 eu ft of media per 
day. 

These filters are normally 6 to 8 ft 
deep and rectangular or circular in 
shape. They are usually dosed inter- 


14.31 Dosing Tanks 

Dosing tanks with siphons should 
discharge intermittently. If they dis- 
charge continuously, a siphon chamber 
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mittently by dosing tanks with auto- 
matic siphons or by periodic pumping. 
The length of rest period between dos- 
ings will vary with the rate of sewage 
flow, but the interval should be short 
enough to prevent filter growths from 
becoming dry. Some recirculation may 
be necessary to achieve this. 

During normal operation, a_ thick 
growth develops in the filter until a 
temperature change or the flow through 
the filter large portion to 
slough off. This sloughing usually oe- 
curs in the spring or fall and is known 
as ‘‘unloading.’’ The sloughed mate- 
rial is a stable, easily settled, humus- 
like material, 
many worms. 


14.26 High-Rate Filter 

High-rate filters normally de 
signed for substantially higher load- 
ings than standard-rate units. If a 
filter receives a BOD loading over 100 
lb ‘day 1,000 eu ft, it is referred to as 
a roughing filter. It is not uncommon 
to load roughing filters at rates in ex- 
cess of 200 Ib/day/1,000 eu ft. 

These filters are normally 3 to 8 ft 
deep and cireular in shape. They are 
designed to receive eontinu- 
ously. The high rate of application is 
achieved by recirculating sewage that 
has already passed through the filter. 
The heavy flow of over the 
filter media produces continuous rather 
than periodic sloughing of the filter 
growths. Since the solids are not re- 
tained in the high-rate filter as long as 
they are in the standard-rate unit, they 
are less stable and continue to exert 
BOD after they leave the filter. The 


causes a 


frequently containing 


are 


sewage 


sewage 


solids are also much lighter and more 
difficult to settle than 
from a standard filter. 


those sloughed 


This should 


vent is probably clogged. 
be remedied at onee. To prevent faulty 
dosing tank operation, the tank should 


be cleaned regularly and leaky or ecor- 
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roded piping should be replaced. Slime 
and grease should be washed from walls 
and piping daily and the bottom of 
the tank should be stirred weekly. If 
compressed air is available, the dosing 
tank piping may be blown out at regu- 
lar intervals. If the dosing tanks are 
equipped with dosing counters with 
float attachments, these should be 
cleaned and oiled weekly. In winter, 
it may be desirable to cover the dosing 
tank to retard ice formation in the 
tank. Creosoted wooden planks will 
serve this purpose. 


14.32 Distributors 
14.321 Fixed Nozzles :—Routine daily 


operation should include inspecting all 
nozzles and cleaning those clogged or 
partially clogged. To clean a nozzle, 
the jet and cone should be removed 
and punched clean with a wire or rod. 
At not less than weekly intervals, the 
distribution laterals should be flushed 
for a few minutes by removing the noz- 
zles at the end of the laterals. The 
main pipes distributing flow to the 
laterals should also be flushed by open- 
ing a valve provided for this purpose. 


14.322 Rotary Distributors :—Orifices 
or nozzles on rotating arms should be 
inspected daily for clogging and cleaned 


should be 


checked and maintained in accordance 


if necessary. Bearings 
with the manufacturer’s recommenda- 
tions. Guy rods should be adjusted 
with seasonal temperature changes to 
keep the distributor arms in a _ hori- 
zontal position. If the filter must be 
shut down, drain the distributor arms 
and the central riser pipe by opening 
a valve at the base of the riser pipe. 
Draining the distributor is especially 
important in freezing weather. If the 
filter is dosed intermittently in’ freez 
the end: of the 
arms should be left partly open to per 


ing weather, gates at 


mit the sewage remaining in the arm 


to drain out before it freezes in the 


pipe. 
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14.33 Filter Media 


The media originally placed in the 
filter should be hard, durable, of uni- 
form size and dimension, and free of 
most fine material. If properly se- 
lected, it should not disintegrate under 
service conditions. Good operation re- 
quires that the media be maintained 
in this condition. Heavy loads, such 
as trucks or tractors, which may crush 
the media, or underdrains, should not 
be allowed on the filter. 

Leaves and other wind-blown mate- 
rial that collect on the filter surface 
should be removed immediately to pre- 
vent possible clogging of the filter or 
interference with distribution and aera- 
tion. Removal of nearby trees may 
solve the leaf problem. In 
mates, snow removal may be necessary. 


some eli- 


14.34 Underdrains 


The underdrain system should be in- 
spected periodically to assure that the 
drainage channels are neither clogged 
nor surcharged, 

If the drains are clogged with exces- 
sive growths, they should be flushed 
with a Occasionally, especially 
after a new filter has been placed in 
service, small particles of filter stone 
will be washed out of the filter. These 
collect in the filter drains and may 
them. The particles should be 
flushed out of the drains, but should 
not be discharged to the final settling 
tank. If this material reaches the 
sludge digestion tank, it may elog 
pipes and reduce the digester capacity. 
It should, if possible, be disposed of 
with the grit. 

If the drains are flowing full because 
of a downstream obstruction that 
raises the water level, the obstruction 
should be removed. 


hose. 


clog 


14.35 Final Settling Tanks 


the practices and econ 
trols for primary sedimentation tanks 
(Chapter 6) apply equally to final set- 


Generally, 


| | 
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tling tanks following trickling filters. 
The efficiency of treatment attained by 
trickling filter plants is greatly affected 
by the operation of the final settling 
tank. 

It is essential that sludge be removed 
from the final tank before it 
the surface and is carried out with the 
final effluent. Sludge final set- 
tling tanks is normally pumped back to 
the primary settling tanks. Direct 
pumping to a sludge digestion tank is 
usually practical only where means are 
provided for sludge 
Sludge from settling following 
standard-rate filters should be pumped 
often enough to prevent rising sludge. 


rises To 


from 


concentration. 
tanks 


This may be once a day or as often as 
every three hours during 
sloughing or warm weather. 
The operation of final settling tanks 
is especially important in the case of 
high-rate filters. The recirculated ef- 
fluent should be maintained in an 
aerobie condition. Detention 
should be kept below 2.5 hr, if 
tical. 
ing high-rate filters 
much faster than the 
standard-rate filters; accordingly, it 
should be removed more often. Where 
centrifugal pumps are used with high- 
rate filters, continuous return of final 
sludge to the primary 
practiced, 


periods of 


times 
prac- 
Sludge in settling tanks follow- 
becomes septic 


sludge from 


tank may be 


14.36 Recirculation 


Reeireulation of filter or final ef 
fluent is desirable in plant operation 
for a number of reasons: 


1. It reduce the 
strengh of sewage applied to the filter; 


2. By inereasing the volumetrie¢ load- 


Can be used To 


ing on the filter, it causes continual un- 
loading of the filter and thereby 
vents ponding; 
3. It deéreases the opportunity for 
fly breeding ; 

4. It can be used to reduce detention 
times in primary settling tanks and 
thereby keep the sewage aerobic and 


pre 
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prevent odors from originating in these 
units; and 

5. It ean be used to seed the filter 
influent with active organisms. 


The amount of recirculation used in 
any filtration process will depend on 
many Among these are: the 
treatment desired; the size 
of pumps, settling tanks, and distribu 


tors; 


factors. 


degree of 


and the pumping costs involved. 
With adequate equipment, a wide range 
of treatment may be obtained by ad- 
justing the 


recirculation. 
The most economical use of recireula 
tion is that which will provide the de 
sired results with the minimum amount 
of pumping. 

Determination of the points of  re- 
circulation and the quantity recireu- 


amount of 


lated will usually be determined by 
trial and error. When changes 
made in the recirculation scheme, it 
be several weeks before the filters 


are 


may 
adjust themselves to the new procedure. 
For this reason, it is essential that an 
adequate period of operation be al- 
lowed before conclusions are drawn as 
to the effectiveness of the 
culation scheme. 


new recir- 
Recirculation schemes commonly used 
include: 


1. Return of a constant amount of 
filter or final effluent to the filter in 
fluent to permit continuous application 
on the filter; 

2. Return of filter or final effluent to 
the filter influent at times of low 
sewage flow to permit frequent enough 
application to prevent drying of filter 
erowths or to prevent freezing ; 

3. Return of filter or final effluent to 
the primary settling tank to prevent 


raw 


septic conditions during periods of low 
raw sewage flow. 

4. Return of filter or final effluent to 
the filter influent at a rate sufficient to 
provide a uniform rate of filter ap- 
plication at all times; and 

5. Return of final 
settling tank sludge to the primary 
tank. 


intermediate or 


Ay 
3 
: 
ig 
shy 
Fe 
a 
ag 
> 
| 


. 33, No. § OPERATIONS MANUAL 


14.4 OPERATION TROUBLES 


14.41 Symptom A—Filter Pond- 
ing 

14.411 Causes:—-lPonding oceurs 

when the voids between the filter media 

are completely filled with biological 

growths. This condition may develop 

when: 


1. Rock or other media are too small 
or not sufficiently uniform in size; or 

2. Organic loading on the filter is 
excessive in comparison with the liquid 
loading. 


14.412 Prevention and Cure: 


1. Raking or forking the rocks on 
the filter surface. Heavy equipment 
should not be allowed on the filter to 
do this. 

2. Washing the filter surface with a 
stream of water under high pressure. 

4. Stopping the distributor, on fil- 
ters with rotary distributors, over the 
ponded area and allowing a continuous 
flow of sewage to wash the growths out 
of the filter. 

4. Dosing the filter with heavy ap- 
plications of chlorine (5 mg 1 free chlo- 
rine in filter influent) for periods of 
several hours at weekly intervals. This 
should be done during periods of low 
flow (possibly at night) to minimize 
the chlorine required. Chlorine is par- 
ticularly effective for control of fungus 
growths (Leptomitus) with dosage as 
low as 1 mg 1. 

+. Taking the filter out of service for 
a period of one day or longer to allow 
it to dry out. This should be done 
only if there is adequate provision for 
treating the waste in other units or if 
by-passing is permissible. 

6. Flooding the filter and allowing it 
to stand for at least 24 hr. This is ap- 
plicable only to filters with water-tight 
walls and provisions for sealing under- 
drains. 


7. Replacing the filter media if all 
other methods fail. It usually costs 
less to replace old media with new than 
to clean the old. 


14.42 Symptom B—Filter Flies 
14.421 Causes:—The filter fly is a 


nuisance frequently associated with the 
filter operation. The fly (moth) passes 
through ordinary window screens and 
gets into eyes, ears, mouths, and nos- 
trils of anyone coming within their 
flight range. Its natural flight range 
is only a few hundred feet, but it can 
be carried much farther by the wind. 
Its life eyele varies from 22 days at 
60°F to 7 days at 85°F. In the larval 
stage, it assists in the purification ac- 
tion of the filter. Filter flies develop 
most frequently in an alternate wet 
and dry environment. 


14.422 Prevention and Cure: 


1. Dose filter continuously, not inter- 
mittently. 

2. Remove exeessive biological 
growths by methods similar to those 
used to reduce ponding. 

3. Flood the filter for 24 hr at weekly 
or biweekly intervals. To be continu- 
ally effective, the filter must be flooded 
at intervals frequent enough to prevent 
the fly from completing its life cycle 
between floodings. 

4. Wash vigorously the inside of the 
exposed filter walls. 

». Chlorinate the sewage (0.5 to 1 
mg |) for periods of several hours at 
intervals frequent enough to prevent 
the fly from completing its life cycle 
between chlorine additions (one- to two- 
week intervals). 

6. Apply DDT or other insecticides. 
A 5-per cent solution of DDT in kero- 
sene applied to the filter surface and 
walls will kill the adult flies that come 
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in contact with it. If applied at in 
tervals of 4 to 6 weeks, the flies are 
usually controlled. The application of 
DDT does not have any noticeable bad 
effect on normal filter operation. Fre- 
quently, a strain of flies will develop 
immunity to the materials used. If 
this happens, other insecticides may be 
tried but these also may become inef- 
fective. 


14.43 Symptom C—Odors 
14.431 Causes:—Anaerobie decom- 


position of sewage, sludge, or biological 
growths. 


14.432 Prevention and Cure:— 


1. Maintain aerobie conditions in all 
units ineuding settling tanks and sewer 
system ; 

2. Reduce aceumulations of 
and biological growths; 

3. Chlorinate filter influent for short 
periods, preferably when flow to plant 
is low; 

4. Recirculate to filters; 


sludge 
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FIGURE 14-5.—Frozen spray from fixed nozzles. 


5. Praetice good housekeeping 
throughout plant; and 

6. Reduce unusually heavy organic 
loadings, such as milk processing or 
canning wastes which produce heavy 
filter or 


accumulations of solids in 


cause pooling. 


14.44 Symptom D—Icing of Fil- 
ter Surface 


14.441 Causes: 


1. Air temperatures at or below 32°F 
Figure 14-5 

2. Progressive lowering of tempera- 
ture of applied waste by recireulation ; 
and 


3. Uneven distribution of wastes on 
filter. 


14.442 Prevention and Cure:— 


1. Decrease number of times waste is 


recirculated. It may be necessary to 


eliminate recirculation until weather 


moderates. 
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2. Where two-stage filters are used, 


operate filters in parallel with little or 
no recirculation until weather moder 
ates. 

3. Adjust orifices and splash plates 
to improve uniformity of distribution 
on the filter. Unequal distribution may 
result in application of sewage in con- 
centric bands, with relatively dry zones 
between the Spraying and 
splashing at the margin between wet 
and dry zones will create ridges of ice. 

4. Adjust orifices and splash plates 
to reduce spray effect. 


bands. 


+. Erect a wind screen at the filter 
in path of prevailing winds. 
remove ice fre- 


6. Break up and 


quently. 


The laboratory tests conducted and 
the frequency of will vary 
greatly, depending on the laboratory 
facilities and the personnel available. 
Laboratory tests that furnish informa- 
tion of value in evaluating the per- 
formance of a trickling filter are: BOD, 
suspended solids, total solids, dissolved 
oxygen, pH, and ammonia, nitrite, ni- 
trate, and total organic nitrogen. 

In measuring performance of a filter, 
the filter and final settling tank are 
normally considered as one unit oper- 
ating together. The loading on the 
filter may be assumed to be the effluent 
from the primary settling tank or Im- 
hoff tank preceding the filter. Tests on 
the effluent from these primary units 
are discussed in Chapters 6 and 13. 


testing 


When recirculation is employed, the 
loading on the filter itself may be de- 
termined from measure- 
ments of the flow applied and by sam- 
pling and testing of the mixture. Or- 
dinarily, it is sufficient to determine 
the quality of the effluent from the 
primary and final settling tanks. 

The BOD and solids tests on the ef- 
fluent from the final tank 


estimates or 


settling 
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14.5 LABORATORY CONTROLS 


14.45 Symptom E—Icing in Fi- 
nal Settling Tank 
14.451 Causes: 
1. Air temperatures at or below 


32°F; and 
2. Progressive lowering of tempera- 
ture of applied waste by recirculation. 


14.452 Prevention and Cure: 

1. Decrease number of times waste is 
recirculated ; 

2. Operate filters in parallel rather 
than in series, with little or no recir- 
culation ; 

3. Provide housing over tanks; and 

4. Break up ice as soon as it be- 
vins to form. 


should be made at the same frequency 
and for the same purposes as outlined 
in Chapter 6. 

Dissolved oxygen tests should be 
made periodically on samples taken 
from inside the effluent weir of the 
final settling tank. 

It is desirable to determine periodi- 
cally the degree of nitrification being 
accomplished. To do this, ammonia, 
nitrite, nitrate, and total organie nitro- 
gen should be determined on the filter 
influent, filter effluent, and final ef- 
fluent. well-operated plant will 
show a reduction in ammonia and total 
organic nitrogen and an inerease in 
nitrite and nitrate nitrogen after the 
sewage has passed through the filter. 
If detention times are too long in the 
final tank, there is a tendency for 
denitrification to take place. This con- 
dition is noticeable by a decrease in 
nitrate nitrogen and is often accom- 
panied by rising sludge. 

All results of analyses should be kept 
on file along with recirculation records, 
maintenance records, and records of 
unusual operating conditions such as 
fly breeding, ponding, and odors. 


: Vol. 33, No. 2 ee 21 
bad 
: 


TIPS AND QUIPS 


Letter 
Sir: 


What’s in a name? 

Does it tell you what you do? 
it make you feel good when you hear 
it? 

The answers here are positive. 

we are reducing pollution of our 
streams by treatment of waste. Yes 

-our employees enjoy hearing the new 
name. They kidded 
about their work. 

Most important—the public likes the 
new name. We proudly take our place 
with the new look. 


Does 


Yes 


are no longer 


CINCINNATI'S DIVISION OF 
WATER POLLUTION 
CONTROL 


Sincerely yours, 
ArTHUR JD. CASTER 
Enginecr-Superintendent 


Federal Grants 


Federal grants totaling $180 million 
have been made to 2,156 communities 
to help build sewage treatment plants 
since the beginning of the federal wa- 
ter pollution control program in 1956. 

Estimated cost of the sewage treat- 
ment plants and facilities during the 
four-year period was $1,044 million. 

Since the beginning of the program 
under Publie 660, 1,031 
treatment plants and _ facilities 


Law sewage 
have 
been completed, at a total estimated 
cost of about $300 million. Projeets 
total 682, at 
an estimated cost of about $320 mil- 


now under construction 
lion. During this period more than 
21,000 miles of streams have been im- 
proved for drinking water, recreation, 
fish and wildlife, 

The 2,156 federal grants made since 


and industrial uses. 


the beginning of the anti-pollution pro- 
evram serve a population estimated at 


21 million persons—more than the 


212 


combined populations of 
and North Carolina. 

To obtain federal grants to build 
sewage treatment plants, communities 
have put up almost five local dollars 
for each federal dollar. 


New York 


Fellmongering Wastes 

When the cold weather approaches, 
we begin to examine the mails for the 
annual report of the River 
Purification Maybe we’re a 
bit too sentimental, but there just 
seems to be something special about 
a town with the name ‘‘ Newtown St. 
Boswells”’ 
sent 
wells, 
gazeteer, 


Tweed 


Soard. 


(that’s where the report is 
Now Newtown St. 
according to Bartholomew's 
is 401, miles southeast of 
Edinburgh in the very heart of the 
woolen and tartan manufacturing area 
of Seotland. Tweeds the 
Tweed—Hear! Hear! 

Getting back to the report, 
might expect in any industrial center 
a certain amount of water pollution, 
but we showed a 


from ). 


Bos- 


from River 


one 


little more than an 
ordinary reaction when we found that 
last year there were three complaints 
in connection with 
wastes. 


fellmongering 


At the risk of paying the supreme 
penalty—‘‘Do_ fellmongering 
come from diploma mills?” 


wastes 


Good Operation Pays * 


Proper operation of a sewage treat- 
ment plant often can spell the differ- 
ence between meeting requirements for 
plant efficiency and failing to 
them. 

The Pennsylvania Health Depart- 
ment’s Division of Sanitary Engineer- 
ing cites a plant with a record of 50 
per cent BOD removal under the pre- 
vious operator. Three months later, 
with a new operator in charge, the 
BOD removal increased to 92 per cent. 


meet 


*From Clean Streams, Summer 1960. 
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NEWS AND NOTES 


Rolf Eliassen, Professor of Sanitary 
Engineering, has been made Acting Head 
of the Department of Civil and Sanitary 
Engineering at the Massachusetts Institute 
of Technology, Cambridge, Mass. 

Abel Wolman, retired 
Sanitary Engineering at the Johns Hop- 
kins University in Baltimore, Md., and 
well-known consultant, recently received 
Public Health Asso- 
ciation’s Albert Lasker Awards, given him 
as special recognition for outstanding work 
in public health. 

Robert A. Gerber has accepted a posi- 
tion with the Hackensack Water Company 
(N. J.) where he will be in charge of wa- 
tershed control work. He has been Assistant 
Editor for the Federation the past two and 
a half years. 

Francis B. Milligan, for the last 15 
years Chief of the Industrial Wastes See- 
tion of the Pennsylvania Department of 
Health, has retired. 

Linvil G. Rich, until recently Professor 
of Civil Engineering at the Illinois Insti- 
tute of Head of the 
Clemson College Civil Engineering Depart- 


Professor of 


one of the American 


Technology, is now 


ment in Clemson, S. C. 

Among the Metcalf & Eddy staff mem- 
bers newly designated as Senior Associates 
are Charles G. Hammann, Charles Y. 
Hitchcock, Jr., and Ariel A. Thomas. 

The Hyperion effluent outfall at El Se- 
eundo, Calif. (from the huge Los Angeles 
treatment plant) has been nominated by 
ASCE as one of 11 engineering projects to 
compete for the 1961 award of Outstand- 
ing Engineering Achievements. 

Frank A. Butrico of the Publie Health 
Service has been named Vice-Chairman of 
the National Committee of 
Publie Practice. 

Howard T. Reuning, formerly with the 
New York Ine., 
Johnsonburg, Pa., has joined the staff of 


Engineers in 


and Pennsylvania Co., 
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Gannett Fleming Corddry and Carpen- 
ter, Inc., Harrisburg, Pa. 

Edward H. Bryan is now Associate Pro- 
fessor of Civil Engineering at Duke Uni- 
versity. He left Dow Chemical Co. in Mid- 
land, Mich., for this new assignment. 

Aubrey H. Perry, Regional Engineer at 
Vancouver, B. C., for the Publie Health 
Engineering Division of the Canadian De- 
partment of National Health and Welfare, 
died recently. 

John Saks, a veteran of nearly 35 years 
with the City of Milwaukee, 
cently as Superintendent of 
Sewer Maintenance. 

James J. Anderson has left the consult- 
ing engineering business to enter the plant 
operation field at the Minneapolis-St. Paul 
Sanitary District. 

Charles D. Gates has been appointed 
and Head, Department of 
Sanitary Engineering, Cornell University, 
Ithaca, N. Y. 

David A. Robertson, Jr., has joined the 
Public Health Service and will head a wa- 
ter quality planning investigation in the 
Charlottesville, Va., regional office. He 
leaves ORSANCO for this new post. 

Jesse H. Barlow has accepted the newly 
established position of Treatment Plant 
Superintendent for the Metropolitan Sewer 
Distriet of St. Louis, Mo. 

Earl Devendorf, retired Director of the 
Bureau of Environmental Sanitation of the 
New York State Department of Health, 
died recently in Albany, N. Y. 
Bedell Award winner in 1956. 

Bernard Barnes has retired as City En- 
gineer of Chattanooga, Tenn. 

Calvin K. Sudweeks is now Director of 
the Sanitary Engineering Section of the 
Utah State Department of Health. 

William D. Shillinger, Assistant Diree- 
tor of the Division of Sanitary Engineering 
of the Indiana State Board of Health, died 
recently. 


retired re- 


Street and 


Professor 


He was a 


Bio-Oxidation av Skogsindustriell a Av- 
loppsvatten. By J.  RENNERFELT. 
Svensk Papperstidn. (Sweden), 61, 18 B, 
768 (1958). 

Pilot plants of the activated sludge type 
have been constructed at two Swedish mills, 
and the results have been very promising. 
An efficiency of 85 per cent has been ob- 
tained at loadings of 3 to 5 kg BOD per 
cubie meter per day and the maximum effi 
ciency has exceeded 95 per cent. 

The treatment high, 
however, and the technique can only be 
used in cases when a very difficult situation 
in the receiving stream must be prevented. 

H. HEUKELEKIAN 


costs seem to be 


Development in Public Health Engi- 
neering in Germany. By F. POpen. 
Proc. Inst. Civil Engrs. (Brit.), 14, 339 
(1959-60). 

This discussion deals with water supply, 
refuse disposal, sewage disposal, and the 
ancillary topic of stream pollution. 

The Federal Government those of 
the Linde are currently concerned with 
achieving a greater degree of uniformity 
in the legislation regulating water policy in 
West Germany. In this way the available 
surface and ground waters would be better 
protected and utilized. 

An investigation of water needs and sew- 
age quantities showed that 75 per cent of 
the German population and industries con- 
nected to public water-supply systems used 
11 x 10° cu m 29X10" US. 
gal) of water per year; 3,481 municipali- 
ties, with a population of nearly 36 million 
(of which almost 74 per cent are connected 
to sewer systems), produced in 1955-56 
over 21 million cu m (5,500 mgd) of sew- 


and 


(approx. 


Of this sewage only 28.5 per 


before 


age per day. 
cent received adequate treatment 
discharge; almost one-quarter received no 
treatment. 

German rivers are heavily polluted and 
in order to prevent further deterioration 


REVIEWS AND ABSTRACTS 


of these rivers it will be necessary to build 


a large number of sewage treatment works, 
which will require a capital investment of 
DM. 11,200 million. To obtain the best 
value for any capital spent calls for re- 
search on various processes ol sewage treat- 
ment. <A significant part of this research 
is being carried out at Stuttgart, 
lated by the Federal Land 
ments. This work includes studies of the 
flow through chambers and 
settling tanks, the oxygenation of sewage 


stimu- 
and Govern- 
aerated grit 


and water by means of compressed air, the 
oxygen uptake of aerobic microorganisms, 
and the breakdown of organie matter by 
activated sludge and by 
rrowing on rotating 


zoogloeal slimes 
contact beds. 
P. C. G. Isaac 
Data on Physiology of Propane-Oxidiz- 
ing Bacteria. By S. I. Kuznetsov anp 
Z. P. TELEGENA. Mik robiologiya (Rus- 
sian), 26, 5, 509 (Sept.—Oct. 1951). 
Methane- and propane-oxidizing bacteria 
have been used as a method for prospecting 
Of the 20 areas 
prospected by a microbiological method, 13 
positive results were confirmed by drilling; 


for oil and gas deposits. 


3 negative cases were also confirmed by 
drilling, and only in 4 positive eases indus- 
trial amounts of oil were not found upon 
drilling. 

Two types of propane-oxidizing bacteria 
were isolated from soil: (a) Mycobacterium 
and (b) Pseudomonas. Mycobacterium 
oxidizes propane but not methane or ethane. 
Pseudomonas also does not oxidize methane 
or ethane, but grows well on sugars, fatty 
acids, and hydrocarbons, heavier than pro- 
pane. 

It was shown by respiratory method that 
in the presence of propane, glucose addition 
is 


with the energy 


does not increase 0, consumption. 

utilized as a souree of C 

liberated from the oxidation of propane. 
H. HEUKELEKIAN 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 


which might be suitable for abstracting in TH1Is JouRNAL, 


Publications of publie health de 


partments, stream pollution control agencies, research organizations, and educational institu- 


tions are particularly desired. 
4435 Wisconsin Ave., Washington 16, D. C. 


Address such material: 


Water Pollution Control Federation, 
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CURTAIN OF FLAME’ 


INSURES POSITIVE IGNITION 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...a high pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 
For full information on the Varec Waste Gas Burner—or 


Varec’s complete line of advanced design gas control equip- 
ment, write for Catalog Dept JWP-1222-4. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street * Compton, California 


Branches and Representatives in Principa/ Cities 
TRADE @ MARK 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


ALABAMA WATER AND 
SEWAGE ASSOCIATION 


1959 Meeting 


The 1959 Annual 
Alabama Water and 
tion was held on June 3—5, 1959, at the 
University of Alabama, Tuscaloosa, 
Ala., in conjunction with the 14th An- 
nual Short School. The of- 
ficial registration was 201. 


the 
Associa- 


Meeting of 
Sewage 


Course 


The first two days of the meeting 
were divided into and water 
sessions; the third day was the meet- 


sewage 
ing’s general session. Among the sub 
jects of interest to those in the waste- 
water field were: water quality criteria, 
laboratory control, operation and main- 
tenance, paints and protective coatings, 


operator certification, public relations, 
operator responsibilities. 

Federation greetings were conveyed 
to the Association by FSIWA Vice- 
President Mark D. Hollis. At the 
business important constitu- 
tional changes were made. 


SeSSLON, 


The following officers were elected to 
serve in 1959-60: 


President: A. 

Vice-President: 
Mobile. 

Treasurer: Charles D. Hart, Bessemer. 


E. J. Finnell, Jr.. 


. Lankford, Gadsden. 
Clifford C. Williams, 


Necretary: Univer- 
sity. 
E. J. FINNELL, JR. 
Secretary 


(Continued on page 83a 


HOW LONG? 


SINCE YOU MENTIONED A JOURNAL 
SUBSCRIPTION - MEMBERSHIP 
TO SOMEONE IN 


YOUR OFFICE 

YOUR ORGANIZATION 

YOUR COMMUNITY 

A NEIGHBORING COMMUNITY 


Your Member Association Secretary, listed on the third left-hand page of 
the JOURNAL, or the Federation office, will be glad to send an application 
form and supply any additional information. 
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JOURNAL WPCF 


STANDARD METHODS 
1ith Epition 


e NEW TITLE 


JOINTLY PRODUCED 


DETAILED COVERAGE 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 


Sla 


JOURNAL WPCF 


M.O.P. 7—-SEWER MAINTENANCE 


® complete coverage for protecting 
a $15 billion investment 


a first in the field 

64 pages 

68 references 

$1.00 to members; $1.50 to others 


see coupon on WPCF Publications 
page in back of JOURNAL 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Pennsylvania Sewage and In- 
dustrial Wastes Association held its 
32nd Annual Conference, Aug. 10-12, 
1960, at the Pennsylvania State Uni- 
versity, University Park, Pa. 

seginning the technical session was 
a sewage operators round table mod- 
erated by Donald K. Jones, Director 
of Utilities, Pottstown, Pa., and par- 
ticipated in by David A. Kirk, William 
A. Saera, Jr., Chester Ford, Richard 
S. Dodds, C. Eber Wingert, Wilbur 
W. Willis, and Phillip A. Brunn, Jr. 
Concurrently, an industrial wastes 
round table was being moderated by 
Howard Reuning, Supervising 
Wastes Engineer, New York and 
Pennsylvania Co., Ine., Johnsonburg, 
Pa., and participated in by Harold 
F. Elkin, Kenneth M. Hazen, Paul 


JOURNAL WPCF 


m MORE for your $$$ 
with DAVCO ! 


Waite, and Robert Thompson. 
Individual papers presented in- 
cluded : 


Waste Stabilization Ponds,” 
by W. W. Towne, Chief, Field Opera- 
tions, U.S. Publie Health Service, Cin- 
cinnati, Ohio. 

‘Domestic Lagoon at Hampton 
Township, Allegheny Co.,’’ by A. D. 
Sidio, Environmental Health Ad- 
ministrator, Allegheny Co. Health De- 
partment, Pittsburgh, Pa. 

‘Treatment of Pulp and Paper 
Wastes by Lagooning,’’ by Howard T. 
Reuning, Supervising Wastes Engi- 
neer, New York and Pennsylvania Co., 
Ine., Johnsonburg, Pa.; ‘‘ Discussion,’’ 
by C. L. Siebert, Jr., Assistant Chief, 
Sewerage Section, Division of Sanitary 
Engineering, Pennsylvania  Depart- 
ment of Health, Harrisburg, Pa. 


(Continued on page Sia) 


Lower purchase and maintenance cost. 
Maintenance ease 
Most accessible impeller on the market. 


Exclusive Davco non-clog self priming 
sewage pump 


Above ground pumping station 
package shown is designed to 
replace wet-pit pumps and 
pneumatic ejector installations 
with no structural modifica- 
tions. 


DAVCO CORPORATION 


1828 METCALF AVE. PP. 0. BOX 270 THOMASVILLE, GEORGIA TELEPHONE CANAL 6-6458 
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“Thermal Pollution Problem,’’ by 
Richard D. Hoak, Senior Fellow, 
Mellon Institute, Pittsburgh, Pa.; 


‘**Discussion,’” by Ralph M. Heister, Now he can 


Assistant Chief, Industrial Wastes See- e 
tion, Division of Sanitary Engineering, Esc2 
Pennsylvania Department of Health, 

Harrisburg, Pa. Rh H 

Activated Sludge Process eumatic Fever 
by Roy Weston, Consulting Engineer, ' 
Newtown Square, Pa. ;—Operating Ex- 
periences,’’ by Edward R. Grich, Con- 
sulting Chemist, Paterson, N. J.; and 
—Survey of National Use and Experi- 
ence,’’ by T. R. Haseltine, Partner, 
Chester Engineers, Pittsburgh, Pa. 

‘“Raw Sludge Handling Practices,”’ 
by Eugene Weisberg, Director of Sani- 
tary Engineering, Pantech Engineers, 
Pittsburgh, Pa. 

‘*Objectives and Accomplishments of 
Sewage Chlorination,’’ by H. Heukele- 
kian and S. Faust, Rutgers University, 
New Brunswick, N. J. 

“Chlorine Demand as Basis for 
Charging for Industrial Wastes Treat- 


ment, by Rand, late Pro Medical science hes scoced 
fessor, Syracuse University, Syracuse, 


N. Y.; ‘‘ Discussion, by Clair N g Rh | ae dhood 

Sawyer, Associate, Metcalf and Eddy, wince — ever and 

rheumatic heart disease now 
‘What is a Safety Program?’’ by can be prevented through 

prompt treatment of “strep” 

infections. 


John T. Cappio, Safety Engineer, 
Philadelphia Water Department, Phil- 
adelphia, Pa.; ‘‘Discussion,’’ by John 
Backman, Superintendent, Gulf Re- 
search and Development Co., Pitts- 
burch. Pa. For more information, 

- ask your Heart Association. 
For greater advances 

against heart disease, 


For medical advice, 
see your doctor. 


Federation President Mark D. Hollis 
presented the Bedell Award for extra- 
ordinary service to the Association to 
L. D. Matter, Representative, Albright 
and Friel, Harrisburg, and the Hat- GIVE 


field Award for outstanding treatment 


plant operation to G. H. Boone, Super- to your ® 


intendent, Norristown, Pa. 


The following officers were elected HEART FUND 


for the year 1960-61: 


(Continued on page 87a) 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


° SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 


Sanitary and Storm Sewers,” the 


COMPANION VOLUMES widely used sewer manual con- 


IN THE taining 283 pages of comprehensive 


information, including more than 100 


FEDERATION 
illustrations. (WPCF MOP 9). 


MANUAL 
SERIES 


Each manual is offered to members at 


$3.50, and to others at $7.00. 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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M. 0. P. “9 — SEWER DESIGN AND CONSTRUCTION 


Several years of joint effort between the Water 
Pollution Control Federation and the Sanitary Engi- 
neering Division of the American Society of Civil 
Engineers have produced a major addition to the 
“Manuals of Practice” series. “Design and Con- 
struction of Sanitary and Storm Sewers” has been 
designated M. O. P. +9. 


This illustrated, 12-chapter manual of 283 pages 
includes detailed coverage of project planning, in- 
vestigations, hydraulics, design, construction ma- 
terials and methods, specifications, structural re- 
quirements of storm and sanitary sewers, and 
pumping stations. 


A convenient order form for this and other pub- 
lications appears elsewhere in this issue. The man- 
ual is $7 per copy postpaid if remittance is with 


order. Federation members may purchase the man- 
ual for $3.50. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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President: A. A. Estrada, Philadelphia. 


Ist Vice-President: John  Yenchko, 
Pittsburgh. 
2nd Viee-President: Thomas lezzi, 


Bristol. 
Director: S. 1. Zaek, Harrisburg. 
Secretary-Treasurer: J. R. Harvey, 
Meadville. 
J. R. Harvey 
Secretary-Treasurer 


MARYLAND-DELAWARE 
WATER AND SEWAGE 
ASSOCIATION 


The 33rd Annual Conference of the 
Maryland-Delaware Water and Sew- 
age Association was held at the Alex- 
ander Hotel, Hagerstown, June 8-10, 
1960. Registration totaled 138. 

At the business meeting, WPCF Ex- 
ecutive-Secretary Ralph Fuhrman re- 
viewed Federation activities, and later 
at the annual dinner, he presented the 
Hatfield Award for outstanding treat- 
ment plant operation to Hlugh A. 
Schreiber, Superintendent of the Dis- 


trict of Columbia plant. The Bedell 
Award for extraordinary service to 
the Association was given to A. Joel 


Kaplovsky, Delaware Water Pollution 
(Commission, 

Discussions at the technical sessions 
included : 


‘‘Philosophy of Industrial Waste 
Treatment,’’ by Don C. Croft, Baker- 
Wibberley & Associates, Hagerstown, 
Md. 

‘*What an Industry Can Do in Con- 
trolling Wastes,’’ by George 38. 
Warner, Vice-President, The Glidden 
Co., Baltimore, Md. 

‘*Finaneing Problems at 
Beach,’’ by B. G. Loveless, 
man, North Beach, Md. 

‘*Pilot-Plant Design and Operation 
for Paper Mill Wastes,’’ by Waldemar 
Krussman, National Vuleanized Fibre 
Co., Yorklyn, Del. 

‘*Problem Involved in Coordinating 
a Basin Survey,’’ by Charles O. Simp- 


North 
Counceil- 
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son and A. Joel Kaplovsky, Delaware 
Water Pollution Commission, Dover, 
Del. 

“Small Sewage Treatment Plants,’ 
by W. MeLean Bingley, Maryland 
State Department of Health, Balti- 
more, Md. 

**Physical Circulation and Exchange 
of Water in Baltimore Harbor,’’ by 
James Carpenter, Chesapeake Bay In- 
stitute, Johns Hopkins University, 
Baltimore, Md. 


These officers will serve the sewage 
and industrial of the 
Association for 


wastes section 
1960-61: 


Chairman: Louis E. 
Park, Md. 

Director: W. A. 
Park, Md. 

Secretary-Treasurer: W. McLean Bing- 
ley, Baltimore, Md. 


( Itts, Jdr., ‘ollege 


Ilasfurther, Severna 


W. McLean BINGLEY 
Secretary-Treasurer 


TECHNICAL EDITOR 


= 

: 
Career opportunity as technical 
editor in wastewater field. Duties 2 
are primarily concerned with 
well-established and authoritative = 
monthly, located in the East. Must = 
be trained sanitary engineer hav- 2 
ing first-hand familiarity with = 
treatment plants. Editorial expe- = 
rience desirable but not necessary. 3 
Editorial interest and aptitude es- z 
sential. Interesting and challeng- 2 
ing work with growing organiza- = 
tion. Send resumé containing per- 2 
sonal history, experience, educa- 
tional record, and salary require- 2 
ment to: : 


Box S, JOURNAL WPCF 
4435 Wisconsin Avenue 
Washington 16, D. C. | 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 


bers and advertisers. 
year are included. 
this issue. 
of JOURNAL. 


Many 


This list of products and services is offered as an information aid. 
solicitation from those firms listed. 
make every effort to keep this list current with the help of Associate Mem 
All Associate Members and all advertisers for the past 
services and products are 
For an alphabetical listing see 


of the 


Index to 


The 
will 


The JoUuRNAL 


advertised in 


Advertisers in back 


Aerators (also see Diffusers, 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Graver Water Conditioning Co 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co 

Penberthy Mig. Co., Div 
Eclipse Corp. 

Permutit Co., 
mutit Inc 

Smith & Loveless 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Yeomans Brothers Co. 

Zimmer & Francescon 


Air) 


of Buffalo- 


Div. 


Agitators 
Link-Belt Co. 


Air Cleaning Equipment 
Westinghouse Electric Corp 


(also see Blow- 
and Fans) 


Air Compressors 
ers, Compressors, 
Chicago Pump Co 
Fairbanks, Morse & Co 
Komline-Sanderson Engr 
Worthington Corp 
Yeomans Brothers Co. 


Corp 


Air Diffusers (see Diffusers, Air) 


Asbestos Cement Pipe Products 


Filtration Equipment Corp 
Industrial Materials Co 
Johns-Manville Sales Corp 
Keasbey & Mattison Co 


Ash Handling Equipment 
Link-Belt Co. 


Bearings 
Link-Belt Co. 


Bins, Storage (see Tanks) 


Biologists (see Professional Services, 
elsewhere in this issue) 


Blowers (also see Air Compressors, 
Compressors, and Fans) 

Chicago Pump Co 

Roots-Connersville Blower, 
Dresser Industries Inc. 

Sutorbilt Corp. 

Yeomans Brothers Co. 

Zimmer & Francescon 


Div. of 


Boilers 
Combustion Engineering, Inc 
Building Maintenance 


ment and Supplies 
Homestead Valve Mig. Co. 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


of Pfaudler Per- 


Industrial Materials Co 
S. Pipe & Foundry Co 
R. D. Wood C 


Cement (see Concrete) 


Centrifuging Equipment 

Bird Machine 

Permutit Co., 
mutit Inc 


Div. of Pfaudler Per- 


Chains 


Webster Mig., Inc. 


Chemical Feed Equipment 

Builders-Providence Div., B-I-F In- 
dustries 

Eimco Corp 

Fischer & Porter Co 

Graver Water Conditioning Co 

Infilco In 

Jeffrey Mig. Ce 

Komline-Sanderson Engr 

Link-Belt 

Omega Div 

Permutit Co., 
mutit Inc 

Proportioneers Div., 

Wallace & Tiernan 


Chemicals 

Dow Chemical Cx 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Glenn C iaoake al Co 

Hach Co 


Tennessee 


Corp 


B-I-F Industries 
Div. of Pfaudler Per- 


B-I-F 
Inc 


Industries 


Allied Chem- 


‘orp 


Chemists (see Professional Services 
elsewhere in this issue) 


Chlorination Equipment 
Builders-Providence Div., B-I-F In- 
Corp 
’orter Co 
Graver Water Conditioning Co. 
Wallace & Tiernan Inc 
Zimmer & Francescon 


Clarifier Equipment (also 
Sedimentation Equipment) 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chain Belt Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 

Hardinge Co., Inc 

Infilco Inc 

Jeffrey Mfg. Co 

Komline-Sanderson Engr. Corp 

Lakeside Engineering Corp 

Link-Belt Co 

Permutit Co., 
mutit Co 


see 


Div. of Pfaudler Per- 
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| Walker Process Inc 
| Yeomans Brothers Co 
Zimmer & Francescon 


Clay Pipe Products 
Industrial Materials Co. 
National Clay Pipe Mfrs., 
National Sewer Pipe Ltd. 
Robinson Clay Product Ce 
Wedge-Lock Clay Pipe Mfrs 


Inc 
(Canada) 


Coatings and Linings (Pipe and 
Tank) 

Amercoat Corp 
Centriline Corp 
Corrosion Control Co., 

Inc 

Inc 

National Water Main Cleaning Co 
Perry-Austen Mfg. Co 
Stebbins Engr. & Mig 


Inc. 


Co 


Comminutors (also Shredders 
and Grinders) 

Alp ha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co 

Infilco Inc 

Jeffrey Mfg. Ce 

Smith & Loveless 

Walker Process Equipment Inc 

Worthington Corp 


see 


Compressors 

Chicago Pump Co 

Fairbanks, Morse & Co 

Komline-Sanderson Engr 
ers ville Blower, 

sser Industries Inc 
Worthington Corp 
Yeomans Brothers Co 


Corp 


Div. of 


Computers 
Minneapolis 
Brown Ins 


-Honeywell Regulator Co., 
truments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn. 


Concrete Pipe Products 
American Concrete Pressure 

Assn 
American-Marietta Co 
Gray Concrete Pipe Co., 
Industrial Materials Co. 
Lock Joint Pipe Co 
National Sewer Pipe Ltd. 
Portland Cement Assn 
Price Bros. Co 


Pipe 


Inc 


(Canada) 


Construction Equipment 
Chain Belt Co 

Eimco Co 

Worthington Corp. 


— — 

: 

: 
Chain Belt Co 
Link-Belt Co 
: 
| 
d 
| 
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WPCF publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 
tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP.-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner. 120 pages. $0.75 to mem- 
bers; $1.25 to others. Order as Item 
MOP.2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Order as Item MOP-7.* 


[3 Water Pollution Control Federation 
4435 Wisconsin Avenue, Washington 16, D. C. 
Item | Copies! Cost Item | Copies; Cost || Item Copies, Cost 
MOP-i MOP-6 | 
MOP-4 MOP-8 


Enclosed is remittance for $ 


City 


Print Name 


Member Association 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


Sewage Treatment Plant Design 
Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 


ject. 375 pages. $3.50 to members; $7.00 
to others. Order as Item MOP-8.* 


Design and Construction of 
Sanitary and Storm Sewers 

Prepared jointly by the Federation and 
ASCE. Detailed presentation of the sub- 
ject. 283 pages. $3.50 to members; $7.00 
to others. Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 
Works Journal 


Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 
as Item Dex-20 


Ten-Year Index to Sewage and 
Industrial Wastes 


Covers Sewage and Industrial Wastes, 
1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


Glossary—Water and Sewage 
Control Engineering 

Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per- 


taining to nomenclature. 274 pages. 
$1.00. Order as Item GI 


Binder 
Multiple wire, 2-in. capacity, for all 


MOP’s listed except 8 and 9. $2.00. 
Order as Item Bi.* 


* Discount of 15% on orders for 12 or 
more of any one manual. 


Zone State 


| 
| 


‘ 
| 
| 
: 
| 
Address 
| 
: 
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Controls (also see Instruments, Re- 
cording and Control) 
Builders-Providence Div., 

dustries 
Burgess-Manning Co., 
ments Div. 
Chicago Pump Co. 
Fischer & Porter Co. 
Foxboro Co 
General Electric Co 
Homestead Valve & Meter Co 
Infilco Inc. 
Minneapolis-Honeywell Regulator 
Brown Instruments Div 
Ohmart Corp. 
Permutit Co., Div. 
mutit Co. Inc. 
Rockwell Mfg. Co. 
Wallace & Tiernan Inc. 
Westinghouse Electric Corp. 
Worthington Corp. 


B-I-F In- 


Penn Instru 


Conveyors 
American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp. 

Webster Mfg., Inc 


Corrosion Protection 
Amercoat Corp. 

Chicago Pump Co. 
Corrosion Control Co., Inc. 
Inertol Co., Inc. 
Johns-Manville Sales Corp 
Koppers Co., Inc. 
Perry-Austen Mfg. Co 

A. O. Smith Corp 
Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc. 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Lakeside Engineering Corp. 

Link-Belt Co. 

Pacific Flush Tank Co. 

Penberthy Mfg. Co., Div 
Eclipse Corp. 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Francescon 


Aerators) 


of Buffalo- 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Equipment Inc. 
Yeomans Brothers Co 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co 

Dorr-Oliver Inc. 

Eimco Corp. 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Jeffrey Mfg. Co. 

Lakeside Engineering Corp. 
Link-Belt Co. 

Pacific Flush Tank Co. 

4. O. Smith Corp. 

Smith & Loveless 

Vapor Recovery Systems Co. 
Walker Process Equipment Inc. 
Yeomans Brothers Co. 

Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 


of Pfaudler Per- | 
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Ralph B. Carter Co. 
Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 
Link-Belt Co 

Pacific Flush Tank Co 
Smith & Loveless 

Walker Process Equipment Inc 
Yeomans Brothers Co 
Zimmer & Francescon 


Dryers 
Alpha Ltd 
Combustion 
Eimco Corp 
Hardinge Co., Inc 
Komline- San iderson Engr 
Link-Belt Co 
Nichols Engr 
Stuart Corp. 


(Switzerland) 
Engineering, Inc 


Corp. 
& Research Corp 


Ejectors 
C<omline-Sanderson Engr 
Smith & Loveless 
Tex-Vit Supply C 
Yeomans Brothers Co 


Corp 


Engineers (see Professional Services, 
elsewhere in this issue) 


Engines (Sludge 
troleum Fuels) 
Fairbanks, Morse & Co 
Waukesha Motor Co 
Worthington Corp 


Gas and Pe- 


Fans (also see Air 
Blowers, and Compressors) 

Chicago Pum p Co 

Lakeside Engineering Corp 

Westinghouse Electric Corp 


Compressors, 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 
Dorr-Oliver Inc 

Dow Chemical Co 

Eimco Corp 

Filtration Equipment Corp 
Industrial Materials Co 
Infileo Inc 

Keasbey & Mattison Co 
Komline-Sanderson Engr. Corp 
Lakes ide Engineering Corp 
Nichols Engr. & Research Corp 
Pacifi ish Tank Co 


Tricklin 1g Filter Floor Inst. 


Walker Process Equipment Inc 
Yeomans Bre thers Co 
Zimmer & Francescon 


Filter Materials 
Carborundum Co 

Filtration Equipment Corp. 
Glenn Chemical Co 

Graver Water Conditioning Co. 
Industrial Materials Co 
Johns-Manville Sales Corp 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co 
Yeomans Brothers Co 


‘om: Vacuum (also see Vacuum 
liters) 

Bird Machine Co 
Dorr-Oliver Inc 
Eimco Corp 
Proportioneers Div., B-I-F Industries 
Flocculating Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co. 

Chain Belt Co. 

Dorr-Oliver Inc 

Eimco Corp. 

Graver Water Conditioning Co. 
Hardinge Co., Inc 


Infilco Inc 

Jeffrey Mfg. Co. 

Lakeside Engineering Corp 

Link-Belt Cx 

Permutit Co., Div. of 
mutit Inc 

Stuart Corp 

Walker Process Equipment Inc 

Webster Mfg., 

Zimmer & Francescon 


Pfaudler Per 


Flotation Equipment 

Chain Belt Cx 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp 
Yeomans Brothers Co 


Flow Measurement 

Burgess-Manning Co., 
ments Div 

Filtration Equipment Corp 


Penn Instru- 


Gas Control Equipment 

Alpha Ltd. (Switzerland) 

Burgess-Manning Co., Penn 
ments Div 

Ralph B. Carter Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eime 

Foxbor ) 

Homestead Valve Mfg. Co. 

Pacific Flush Tank Co 

Rockwell Mfg. Cc 

Vapor Recovery Systems Co 

Walker Process Equipment Inc 

Zimmer & Francescon 


Instru- 


Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
purtenances 

Ralph B. Carter Co 

Chicago Pump Co 

Dorr- Inc 

Eimco Cor 

Johns-Mar nvil lle Sales Corp 

Walker Process Equipment Inc. 


Bollers, and Ap- 


Gaskets 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Gates 
Armco 
Inc 
Filtration Equipment Corp 

Industrial Materials Co. 
Snow Gates & Valves, Inc. 
Webster Mfg., Inc 


Drainage & Metal Products, 


Generators 

Fairbanks, Morse & Co. 

General Electric Co 

Westinghouse Electric Corp. 

Worthington Corp 

Grinders (also see Shredders and 
Grinders) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co 

Jeffrey Mig. Co 

Yeomans Brothers Co 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 
American Well Works 

Chain Belt Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Mfg. Co. 

ink-Belt Co 

Stuart Corp. 

Walker Process Equipment Inc. 

Webster Mfg., Inc 

Zimmer & Francescon 
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KEY 
to 
37,000 JOURNAL Pages 

in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 


important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mig. Co. 


Equip- 


Heating Equipment for 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

General Electric Co. 

Infileo Inc. 

Link-Belt Co. 

Pacific Flush Tank Co. 

Walker Process Equipment 


Incinerators 

Combustion Engineering, 

Morse Boulger, Inc. 

Nichols Engr. & Research Corp 

Walker Process Equipment Inc 

Zimmermann Process Div. of Sterling 
Drug Inc 


Inc 


Insect Control 
Glenn Chemical Co. 


Inspection, Sewers 
Centriline Corp. 
National Water Main Cleaning C 


Instruments, 
Control (also 
Recorders ) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div. 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

Gener: Electric Co. 

Hach Co. 

Infilco Inc. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp. 

Rockwell Mfg. Co. 

Wallace & Tiernan Inc. 

Westinghouse Electric Corp 


and 
and 


Recording 
see Controls 


Penn Instru- 


lon-Exchange Equipment 

Permutit Co., Div. of Pfaudler Per- 
mutit Inc. 

A. O. Smith Corp. 


Jointing Materials 
American Concrete 
Assn 

Gray Concrete Pipe Co., 
Keasbey & Mattison Co. 
National Clay Pipe Mirs., 
National Sewer Pipe Ltd. 
Perry-Austen Mig. Co. 
Robinson Clay Product Co. 
Stebbins Engr. & Mfg. Co 
Wedge-Lock Clay Pipe Mfrs 


Pressure 
Inc 


Inc 
(Canada) 


Joints, Mechanical 
American Cast Iron Pipe Co 
Johns-Manville Sales Corp 
National Sewer Pipe Ltd. 
Robinson Clay Product Co. 
Smith-Blair, Inc 

U. S. Pipe & Foundry Co 
Wedge-Lock Clay Pipe Mfrs 


(Canada) 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co. 

General Chemical Div., 
ical Corp. 

Hach Co. 

Stuart Corp. 


Lift Stations 
Davco Corp. 

Smith & Loveless 
Tex-Vit Supply Co. 
Yeomans Brothers Co. 


Equipment 


Diges- | 


B-I-F In- | 


Pipe | 


and 


Allied Chem- 
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Lighting Fixtures 
General Electric Co 

Westinghouse Electric Corp 
Lubricants 

Homestead Valve Mfg. Co 

Johns-Manville Sales Corp 


Manhole and Inlet Castings 
American-Marietta Co 
Vapor Recovery Systems Co 


Masonry Building Materials 
American-Marietta Co 

Portland Cement Assn 

Price Bros. Co 

Meter Boxes 

Johns-Manville Sales Corp 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders- Providence 
dustries 

Burgess-Manning Co. 
ments Div 

Ralph B. Carter Co 

Filtration E quipment Corp 

Fe xboro Co 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
Rockwell Mfg. Cx 

Roots-Connersville Blower, 
Dresser Industries Inc 

Simplex Valve and Meter Co 

Worthington Corp 


Div., B-I-F In- 


Penn Instru- 


Div. of 


Mixing Devices 

Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co 

Chain Belt Co 

Dorr-Oliver Inc. 

Eimco Corp 

Infileo Inc 

Jeffrey Mfg. Co 

Walker Process Equipment Inc 
Wemco Div., Western Machinery Co 


Motors 
Chicago Pump Co 
Fairbanks, Morse & Co. 
General Electric Co 
Belt Co 

O. Smith Corp 
Wes tinghouse Electric Corp 
Worthington Corp 


Odor Control Materials 
Airkem, Inc 

Tennessee Corp 

Wallace & Tiernan Inc 


Odor Counteractants 
Airkem Inc 


Package Treatment 
Chain Belt Co 

Chicago Pump Co. 
Dorr-Oliver Inc 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless 
Yeomans Brothers Co 
Packing 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Paints and Protective Coatings 
Amercoat Corp 
Inertol Co., Inc 
Koppers ( Inc 
Perry-Austen Mfg 
Smith & Loveless 
Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co. 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co 
Pipe, Cast Iron 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Industrial Materials Co. 

U. S. Pipe & Foundry Co. 

R. D. Wood Co. 


Co. 


Pipe, Clay 

Industrial Materials Co 
National Clay Pipe Mfrs., 
National Sewer Pipe Ltd 
Robinson Clay Product Co 
Wedge-Lock Clay Pipe Mfrs 


Inc 
(Canada) 


Pipe Cleaning 

Centriline Corp 

Flexible Inx 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Co 

Americar Construction Co 
Centriline Cx 
Kopper n 

National r Main Cleaning Co 4 
Perry ten Mfg. Ce 
Stebbins Engr. & Mig. Co 
Pipe, Concrete 
American Concrete 
American-Marietta Co 
American Pipe & Construction Co 

Gray Concrete Pipe Co., Inc . 
Lock Joint Pipe Co 
National Sewer Pipe Ltd 
Portland Cement Assn 
Price Bros. Co 


Pipe, Fiber 
Sonoco Products Co 


Pressure Pipe 


(Canada) 


Pipe Fittings 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Keasbey & Mattison Cr 
National Sewer Pipe Ltd 
Price Br Co 
Rx 


binson Clay Product Co 


(Canada) 


Smith-Blair 
U.S. Pipe & Foundry Co 

Wedge-Lock Clay Pipe Mfrs 5 
R. D. Wood C ; 
Pipe Jointing Materials 

Jointing Materials) 

Pipe, Plastic 
Amercoat rp 
Evanite Plastic 


(see 


Co. 


Pipe, Repairs as 
Centriline Corp 
Smith-Blair, Inc 


Pipe, Steel 
American Pipe & Construction Co 
Armco Drainage & Metal Products, 


Inc 
Keasbey & Mattison Co 
4. O. Smith Corp 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 
American City Magazine 
Engineering News-Record 

Liverpool University Press (England) i 
Public Works Magazine 

Wastes Engineering Magazine 

Water & Sewage Works 

John Wiley & Sons, Inc 


Pump Controls 
Builders-Providence Div., 
dustries 
Burgess-Manning Co., 
ments Div 
Chicago Pump Co. 
Fischer & Porter Co 
Foxboro Co 
General Electric Co. 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
Rockwell Mfg. Co 
Smith & Loveless 
Tex-Vit Supply Co a: 
Westinghouse Electric Corp. $ 7 
Worthington Corp. 
Zimmer & Francescon 


B-I-F In- 


Penn Instru- 


; 
| 
‘ 
| : 
| 
| 
V4 nc. | 
| 
4 
} 
| 
| 
| 
| | 
| 
; 
4 
7 


The Jones & Att- 
comminutors, in sizes 
flows up to 20 
med, is deseribed in Bulletin 900. of 
the Smith and Loveless division of 
Union Tank Car Co., P. O. Box 8834, 
Kansas City, Mo. 

Modified Starch—-A warp sizing 
starch, Oxytrol, with two-thirds less 
BOD than ordinary starch and nearly 
twice the effective weaving protection 
is being produced by the A. E. Staley 
Mfe. Co., Decatur, Il. 


Comminutors 
line of 
suitable for 


wood 


average 


Sewer TappingA sewer tapping 
drill and tap claimed to 
make possible a water-tight connection. 
The method of making the connection, 
as well as the material and equipment 
needed, bulletin of 
Sox 1301, 


sewer are 


is described in a 
Shewer Tap, Inc., 
Kansas City, Mo. 


Oxigritter—Oxigritter primary sew- 
age treatment units accomplish grit 


removal, preaeration, and clarification 
in a double-compartment tank. Grit 
separations of 65 to 200 mesh are said 
Bulletin 1016, 
Eimco Corporation, P. O. Box 300, 
Salt Lake City 10, Utah. 


to be possible. 


Screenings Shredders—l[all- and 
roller-bearing shredders are the topie 
of Bulletin S-100 of the Gruendler 
Crusher and Pulverizer Co., 2915 N. 
Market St., St. Louis 6, Mo. 


Sludge Density Meter—bBulletin 
SD-1 of the Ohmart Corporation, 2236 
Bogen St., Cincinnati, Ohio, contains 
application 
control. 


data on sludge-pumping 
A radioactive sludge density 


meter is utilized. 


Digester Cover—-A new type of 
floating cover is discussed in Bulletin 
6723, Infileo Inc., Tueson, Ariz. The 
Monodeck cover is composed of ree- 
tangular steel plates field-welded into 
a deck without trusses to which 114 in. 
of protected fiberglas insulation is ap- 


EQUIPMENT AND SUPPLY LINES 


plied. A weighted pontoon around the 
periphery is a structural member. 

Covers up to 60 ft in diam can be 
assembled outside the tank and lifted 
into place with a crane. 


Package Plant— RatedAeration- 
type sewage treatment plants are now 
available in the form of a cylindrical 
steel tank (see picture). Sizes range 
up to 5,000-gpd units.—Bulletin 136, 
Chicago Pump Company, 622 Diversey 
Parkway, Chicago 14, IIL. 


Equipment Rental—American Well 
Works, Aurora, Ill., has announced 
that its entire line of pumps and wa- 
ter and sewage treatment plant equip- 
ment is now available through its ex- 
panded rental division. Ineluded in 
the plan is their newly introduced 
Oxy-Pak package plant. 
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Pumps, Airlift 
Daveco Corp. 
Walker Process Equipment Inc 


Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div 
Dresser Industries Inc. 

Sutorbilt Corp. 


Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Chicago Pump Co 

Davco Corp. 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co. 

Infilco Inc. 

Marlow Pumps, Div. of Bell & G 
sett Co. 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery ( 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 

Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co 

Hardinge Co., Inc 

Infileo Inc 

Komline-Sanderson Engr. Corp 

Marlow Pumps, Div. of Bell k Gos- 
sett Co. 

Nagle Pumps, Inc. 

Sutorbilt Corp. 

Wallace & Tiernan Inc. 

Wemco Div., Western Machinery C 

Worthington Corp 

Yeomans Brothers Co. 

Zimmer & Francescon 


Pumps, Vacuum 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc. 

Sutorbilt Corp. 

Pumps, Water 

American Well Works 

Aurora Pump Div., The New York 
Air Co. 

Ralph B. Carter Co. 

Chain Belt Co. 

Chicago Pump Co. 

Eimco Corp 

Fairbanks, Morse & Co. 

Gorman-Rupp Co 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Wallace & Tiernan Inc. 

Worthington Corp 

Yeomans Brothers Co. 

Zimmer & Francescon 


Radiation Monitoring Equip- 
ment 
Westinghouse Electric Corp. 


Radios, Mobile 
General Electric Co 


Recorders (also see Instruments 
Recording, and Control) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div. 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

General Electric Co. 
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Minneapolis-Honeywell Regulator Co., 
B 


grown Instruments Div 
Ohmart Corp 
Wallace & Tiernan Ir 


Refractory Building Materials 
Carborundum Ce 
anville Sales Corp 
nson Clay Product Co 
Stebbins Engr. & Mfg. Co 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
Chicago Pump ( 

Infileo Inc 

Lakeside Engineering Corp 


Sand, and Stone 
Graver Water Conditioning Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 


t Equipment Inc 
Zimmer & Francescor 


Sedimentation Equipment 
quipment) 


witzerland) 
rk 


rr-Oli iver In 

Eimco Cor; 

Graver W ster Conditioning Co 
I 


1 Engr. Corp 
eering Corp 


Equipment Inc 
Webster Inc 
Yeomans Brothers Ce 


Sewer Cleaning Equipment 
Flexible Ir 

Homestead Valve Mfg. Cx 
National Water Main Cleaning Cx 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection 
Sewers ) 


Shredders (also see Comminutors 


and Grinders) 
Ipha Ltd. (Switzerland) 
Chair Be t Ce 
D rr-O] In 
Gru rus cher & Pulverizer Co 
Jeffrey Mfg. Cx 
Yeomans Bri thers Co 


Siphons 

Alpha Ltd. (Switzerland) 

Amer Well W ae 
Carter C 


"ngineering Corp 
h Tank Co 
s Brothers Co 


Sludge Concentrators 
Ei 


Corp 
Nic h Is Engr. & Research Corp 


Sludge Flotation Equipment (see 


Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 
Dorr-Oliver Inc 


Jeffrey 


Is Engr. & Research Corp 
Walker Process Equipment Inc 


Zimmermann Process Div. of Sterling 
Drug Inc 


Sludge Removal Equipment 
Jeffrey Mf g. Ce 

Lin k-Belt C 

Webster Mfg., Inc 

Zimmermann Process Div. of Sterling 


Drug Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co 
Jeffrey Mig. Co 


Sprockets 

Chain Belt Cx 
Link-Belt Ce 
Webster Mfg., Inc 


Steel Pipe Products 
Armco Drainage & Metal Products, 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 
Chain Belt Co 


Stebbins Engr & Mfg. Co. 


Tools 
Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westingt e Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Trickling) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters 
‘acuum) 

sird Machine Co 

Dorr-Oliver Inc 

Eimco Corp 

Komline-Sanderson Engr. Corp 

Proportioneers Div., B-I-F Industries 


Valves and Gates 
Armco Drainage & Metal Products 
Inc 


Builders- ‘Providence Div., B-I-F In- 


man Valve Mfg. Co. 
‘orp 
Filtration Equipment Corp 
Homestead Valve Mfg. Co 
Industrial Materials Co. 
owa 
Mueller ¢ 
Rockwell Mig. Co 
oots-Connersville Blower, Div. of 
Dresser Industries Inc 
Simplex Valve and Meter Co 
4. P. Smith Mfg. Co 
Snow Gates & Valves, Inc 
Electric Corp 
of ACF Industries, Inc 


Yeomans Brothers Co 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., B-I-F 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc 


3 
Chain Belt Co 
ere: Chicago Pump Co. 
Dorr-Oliver Inc 
Infilco Inc 
Jeffrey Mig. Co 
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American Weil | 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Yams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 


Power Generation 


Civic Opera Building Chicago 


Company 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 


isposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 
Hartford, Conn. Boston 14 


ANDERS@N-NICHOLS 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems —Water Works Des gn and Operation Surveys 
and Maps —City Planning —Highway Design —Construc- 

tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 

Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers, Inc. 
WATER WORKS SWIMMING POOLS 


INDUSTRIAL WASTES DRAINAGE 
SEWERAGE GARBAGE DISPOSAL 
VALUATIONS TES REPORTS 


RATE 
OPERATION SUPERVISION 
553 S. LIMESTONE ST., LEXINGTON, KY. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JournaL. This is where potential 
clients seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 
Established 1909 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


BETZ LABORATORIES, INC. 


Consulting 


Industrial 

Industrial 
Analysis 
Investigations 


Gillingham & Worth Sts. 


Engineers 
Waste 
Water 
Design 
Operation 


Philadelphia 24, Pa. 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 


CLINTON L. BOGERT 
DONALD M. DiITMaARS 
CHARLES A. MANGANARO 
Water & Sewage Works 
Drainage 

Highways and Bridges 


145 East S2nd Street, 


Ivan L. BoGert 
RoBert A. LINCOLN 
WILLIAM MARTIN 


Incinerators 
Flood Control 
Airfields 


New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 1000 Farmington Ave 
New York 6, N.Y. West Hartford 7, Conn 


BOYLE ENGINEERING 


Consulting 


Water — Sewers — Streets 


Structures 


Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


Engineers 
— Surveys 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting 


Water and 


Industrial Waste Control and Treatment 


Laboratory 


508 TENTH STREET 


Engineers 


wage Works 


y Services 


DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y. 


ONLY $75 PER YEAR 


is the cost of a 

in this space. A cz 
tify your firm wi 
sewage and industri 
will afford maximu 


al wastes field and 


professional listing 
ard here will iden- 
th the specialized 


m_ prestige! 


Take advantage of the services of these outstanding firms! 
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» 
BurGcess & NIpLe 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Capitol Engineering 
Corporation 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 
Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration-Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 
Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment—Highway 
and bridges—Airports—Urban renewal— Electric 
and gas transmission lines—Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 


360 East Grand Ave. Chicago 11, II. 


CRAWFORD, MURPHY G TILLY 


Consulting Engineers 


TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 
WATER WORKS—RESERVOIRS— DRAINAGE 
FLOOD CONTROL—AIRPORTS—STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 


755 South Grand West Springfield, Illinois 


Damon & Foster 
Consulting Ciwil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


Consult these specialists for professional assistance! 
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PROFESSIONAL 
SERVICES 


Sanitary and 
Hydraulic 
Engineer 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


Valuations— Reporis— Research— Development 


207 W. Huron St., Chicago 10, Ill. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways—Port and 


Terminal Works—Industria! Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JourRNal This is where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


GANNETT FLEMING CORDDRY AND CARRPENTER, INC. 


Engineers 


Sewage, Industria! Wastes & Garbage Disposal 


Traffic & Parking—Appraisals 


Dams, Water Works, Highways, Bridges & Airports, 
Investigations & Reports 


HARRISBURG, PENNSYLVANIA 
Branch Offices 


Pittsburgh, Pa. 


Philadelphia, Pa. 


Daytona Beach, Fla. 


> 
GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 
H. R. Green 

C. D. MuLiinex G. R. Hotcukiss 
J. A. Sampson H. A. MILLer 
G. C. AHRENS B. W. Grirritu 

Water, Sewerage & Industrial Wastes 

Public Works & Industrial Projects 
Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services of these outstanding firms! 
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Charles W. Greengard 
Associates 
Consulting Engineers PROFESSIONAL 
Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 
ment, Subdivisions, Investigations, SERVICES 
Reports, Designs and Supervision 
Deerfield, Illinois 


L. B. GRIFFITH HASKINS, RIDDLE & SHARP 


Consulting Engineers 


CONSULTING ENGINEER 


Water—Sewage & Industrial Wastes—Hydraulics 


Research, Reports and Designs on Sew- Reports, Design, Supervision of Construction 
age and Industrial Waste Treatment. 


Appraisals, Valuations, Rate Studies 


450 West Broad St. Falls Church, Va. 1009 Baltimore Ave. Kansas City 5, Mo. 


A. A.B A. M. Mock 
W F. S ENGINEERS 
E. S. Ordway G. H. Abplanalp Ricuarnp Hazen Atrrep W. Sawvenr 


H. E. Hupson, Jr. 


Water and Sewage Works 
Industrial Waste Disposal 


Consulting Engineers 


WATER, SEWERAGE, GARBAGE, INDUSTRIAL 

WASTES, VALUATIONS—LABORATORIES Drainage and Flood Control 
Leader Bldg. Woolworth Bldg. 360 Lexington Ave., New York 17, N. ¥. 
Cleveland 14, Ohio New York 7, N. Y. 


ANGUS D. HENDERSON HENNINGSON, DURHAM 
Consulting Engineers & RICHARDSON 
Anous D. Henpenson Tuomas J. Casry Consulting Engineers and Architects since 1917 


for more than 700 cities and towns 
Water Supply and Sanitation 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
330 Winthrop St., Westbury, New York Drainage, Industrial Works 


355 Knollwood Ave , Douglaston, L. I., New York Omaha « Colorado Springs « Phoenix « Dallas 


George E. Hubbell Albert Roth Homer W. Clark 
HORNER & SHIFRIN Theodore G. Biehl George S. Roth James W. Hubbell 
Consulting Engineers 


E. E. Bross V. C. Liscuer HUBBELL, ROTH CLARK, Inc. 


Airports, Sewerage & Drainage, Hydrology, Consulting Engineers 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 


Sewage and Industrial Waste Treatment 


Industry Engineering Services Sewerage and Drainage Systems 
1221 Locust Street St. Louis 3, Mo. 954 N. Hunter Blvd. Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CoO., INC. 1679 Niagara St. 


Professional Engineers Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
PROFESSIONAL Planning— Design——Research—-Water 
Sewage—Refuse—Industrial Wastes 


SERVICES Air Pollution Health 


East Coast West Coast 
20 Point Crescent 90 Panoramic Way 
Whitestone 57, N.Y. Walnut Creek, Calif. 


Th . L JOHNSON & ANDERSON, INC. 
e Jennings-Lawrence Co. Consulting Engineers 

Sewerage— Water Supply & Distribution— Bridges 
Civil and Municipal Engineers Highways—-Municipal Engineering Flood Con- 

Consultants trol & Drainage 

Water Supply, Treatment & Distribution 
Warren Office Flint Office 
Reports— Design—Construction 24187 Ryan Rd. 604 Metropolitan Bldg. 
Warren, Mich. Flint, Mich. 
1392 King Ave. Columbus 12, Ohio SLocum 7-1167 CEdar 9-4102 


Sewers & Sewage Treatment 


JONES, HENRY & WILLIAMS KAIGHIN AND HUGHES 
Consulting Engineers ENGINEERS 
Water Works INDUSTRIAL WASTES DIVISION 
Sewerage & Treatment E. B. BESSELIEVRE, MGR. 
Waste Disposal STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
2000 West Central Ave. Toledo 6, Ohio 1080 Atlantic Ave. Toledo 1, Ohio 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE MORRIS KNOWLES Inc. 
Investigations, Reports, Design Engineers 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and Water Supply and Purification, Sewer- 
Industrial Waste Disposal age and Sewage Disposal, Valuations, 
Chemical and Biological Laboratory Laboratory, City Planning. 
604 MISSION ST., SAN FRANCISCO 5 1312 Park Bidg. 


Pittsburgh 22, Pa. 
Los Angeles Salt Lake City Tacoma 


KOEBIG AND KOEBIG LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 


Consulting Engineers Since 1910 
Investigations, Reports, Designs ; ‘ 
Sewerage & Sewage Treatment Water, Sewage, Drainage, and Industrial Wastes 

Water Supply & Water Treatment Reports, Designs, Supervision 


: Of Construction and Operation 
Municipal Engineering 


Chemical & Biological Laboratory 
3242 West 8th Street, Los Angeles 5, Calif. 


1100 South Broad St. Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. ONLY $75 PER YEAR 
CONSULTING ENGINEERS 


is the cost of a professional listing 
Water, Sewage, Industrial Wastes, Incinerators, in this space. A card here will iden- 
Water Pollution Studies, Municipal Engineering 
Aerial Mapping, Highways, and Bridges a ur firm with — the specialized 


‘ sewage and industrial wastes field and 
Syosset, New York - San Juan, Puerto Rico “5 


Bogota, Colombia will afford maximum prestige! 


Consult these specialists for professional assistance! 
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Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
Rochester 4, N. Y. 


10 Gibbs Street 


PROFESSIONAL 
SERVICES 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 
Sewage Collection and Disposal 
Water Supply and Distribution 
Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R.I. 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 


Water Supply 
Industrial Waste Treatment 


Sewage Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppy 
ENGINEERS 


Soils, Foundations, Waterworks, Sewage 
Works, Drainage, Irrigation, Flood Con- 
trol, Refuse, Industrial Wastes, Airports, 


Highways, Military Projects, Industrial 
and Commercial Facilities. 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


Pasadena, Calif. 


535 B. Walnut St. 


Nussbaumer, Clarke & Velzy, Inc. 


Consuiting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 


Consulting Engineers 
Industrial Waste Treatment 


Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 


400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power — Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N.C. 


MALCOLM PIRNIE ENGINEERS 
Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 


MUNICIPAL AND INDUSTRIAL 
Water Supply - Water Treatment 
Sewage and Waste Treatment 
Drainage - Rates - Refuse Disposal 
25 West 43rd Street 
New York 36, N.Y. 


3013 Horatio Street 
Tampa 9, Florida 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. 3. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


RADER AND ASSOCIATES 
Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


Pau. C. REAVEs 
D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 


Planning + Reports 
Design + Supervision 


BOX 4817 - JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 


Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 
369 E. 149th St. New York 55, N.Y. 
MOkrt Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Jesign—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Yonstruction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions -Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 
Fnyineers 
C/ Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 
Chemu 


land Bacteriological Analyses 


SMITH and GILLESPIE 


Consulting Engineers 


John R. Snell 


| 


‘ 


All types of © 
Municipal Public Works & Inc. 221 N. Cedar Lansing, Mich IVanhoe 4-9493 
Utilities Water Purification ® Water Supply ® Sewerage Systems ® 
Sewage Treatment ® Refuse Collection ® Composting ® Incin 
eration ® Urban Planning ® Industrial Waste ® Bridges and 


Streets ® Soils and Foundations ® Research and Development 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Building 208 S. LaSalle Street 
by Chicago 4, Ilinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 


CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary — Structural 


401 N. Federal Mason City, lowa 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
446 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
Incinerators 
Sanitary, Industrial Wastes—Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design — Supervision 


235 East 45th St. New York 17, N. Y. 


ROY F. WESTON, INC. 
Engineers— Biologists— Chemists 
Industrial Wastes 
Stream Pollution—<Air Pollution 
Wa wage 
Surveys—Research— Development— Process 
ae | — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 
Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
mical Testing Lab — Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - + _ Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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SLIDE GATES 


RATION 


Fabricated from “CHEMSTONE E” 


@ ‘“Chemstone E” from which these gates 
and guides are fabricated, is an asbestos-cement 


CHECK THESE BIG sheet with an acid resistance impregnation 
FILTRATION moulded at high pressure. Surfaces are sanded 
FEATURES... to smooth finish. This material is relatively 

non-corrosive, does not require painting, and 

¢ has a lower frictional than most 

metals, which prevents binding. 

¥ SHOCK PROOF These slide gates are used extensively in sewage 

¥ ECONOMICAL and industrial treatment plants, and in 

¥ NON-BINDING water filtration plants where control of open 


channel flow is required. Guides may be set in 
the concrete or mounted against a wall. 


Write For FREE Literature and Specifications 


RATION EQUIPMENT CORPORATION 


275 HOLLENBECK STREET, ROCHESTER 21, N. Y. 
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ROCKFORD, —Three GASLIFTERS in 
existing digesters. Henry Riedese!, 
Son. Dist. Greeley and Hansen, Chicago 
Cons. Engrs. 


GREENSBORO, N.C.—GASLIFTER in ex 
isting 75° dio. digester with floating 
cover, Dan Holder, Supt. City of Greens- 
boro, Engrs 


DIGESTER 


CIRCULATOR - MIX 


GASLIFTER is a trademark of 
Walker Process Equipment Inc 


GASLIFTERS incorporate the 
patent right of Joseph Cunetto 


LAS CRUCES, N. M.—8000 gpm GAS 
LIFTER in SO’ dio. digester with fixed 
cover. R. A. Smith, Supt. Gordon Herken 
hoff & Assoc, Albuquerque, Cons. Engrs 


NO INACTIVE ZONES—permits utilization of entire digester capacity allowing higher loading rate. 
IMPROVES OPERATION-—circulates and mixes digester contents and insures uniform distribution of 


raw and seeded sludge. 


CONTROLS START-UP—avoids start-up troubles by completely homogenizing contents; induces rapid 
gasification and volatile acids remain low. 
ELIMINATES SCUM BLANKET AND GRIT SHOALS—circulation velocity at roof, sides and floor dis- 
perses grease blanket and bottom shoals. 
EASY INSPECTION—exclusive locking chamber permits individual inspection and servicing of GASLIFTER 
sparging units without dangerous gas loss or digester shutdown. Eductor Tube, Gas-Lift principle avoids 
mechanical troubles from rag and “sewage string” fouling. 


SACRAMENTO COUNTY, CALIF. (Son. Dist 
#3) GASLIFTER in 70° dia. digester with 
fined concrete cover, Mr. Norman Farnum 
Supt. Dewante & Stowell, Sacramento, 
Cons. Engrs. 


WALKER PROCESS 


SALT LAKE COUNTY UTAH —(Suburbon 
Son. Dist.)—12,000 gpm GASLIFTER in 60 
dio. digester Emil Meyers, Supt. Cold 
well, Richords & Sorensen, Inc, Solt 
loke City, Cons. Engrs 


AURORA, ILL.—10,000 gpm GASLIFTER in 
existing 50° sq digester. Williord P 
Pteitter Supt. W. €. Deuchler, Assoc 
Avrora, Cons. Engrs 


LKER PROCESS EQ 
‘ORY ENGINEERING © 
AURORA, ILLI 
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OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 


RUBBER and CONCRETE JOINT 


RUBBER GASKET—, CIRCUMFERENTIAL 


REINFORCEMENT 


LONGITUOINAL | NOMINAL PIPE 


REINFORCEMENT 


———~ 


SEWER AND CULVERT PIPE PLANTS: 


Kenilworth, N. J. 
Hartford, Conn. 
New Haven, Conn. 
Buffalo, N. Y. 
Rochester, N. Y. 
Edgewater, Fla. 
Miami, Fla. 

W. Paim Beach, Fla. 


Beloit, Wis. Denver, Colo. 
Chicago, III. Cheyenne, Wyo. 

Rock Island, Ill. Casper, Wyo. 

Valley Park, Mo. Tucumcari, N. Mex. 
N. Kansas City, Kans. Hato Rey, Puerto Rico 
Tulsa, Okla Carolina, Puerto Rico 
Oklahoma City, Okla Ponce, Puerta Rico 
Wichita, Kans Caracas, Venezuela 


Delivery of Rolier Suspension Sewer Pipe 1960. 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


BEN gaia 


East Orange, New Jersey 


Pressure « Water + Sewer » REINFORCED CONCRETE PIPE » Culvert » Subaqueous 
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COMPOUND-LOOP CONTROL 


By residual analysis and information feedback, Wallace & Tiernan 
Compound-loop Control adjusts chlorinator feed rates to changing water 
flows and chlorine demands. You can add W&T Remote Residual Re- 
cording and Controlling Components throughout your water system and 
centralize control at any desired location. You select the desired residual 
on a central panel and the Compound-loop System maintains that residual 
faithfully. 

Remote recording by W&T gives you duplicate residual records and 
minute-to-minute information where it helps guide operation. Remote 
controlling by W&T lets you adjust a chlorinator miles away. And W&T 
Remote Coniponents adapt to almost any system, any type of control. 

With remote residual recording and controlling by Wallace 
& Tiernan you centralize control ...save time and operating ex- 
pense...extend the advantages of the Compound-loop method. 


For more information, write Dept. S-142.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


LANCASTER PRESS, INC., LANCASTER, PA. 
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